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A Quick Overview of the NH Natural Heritage Bureau's Purpose and Policies

The New Hampshire Native Plant Protection #
(RSA 217A) declared that ative plants should
be protected and conserved for human need
enjoyment, the interests of science, and the
economy of the state. The state maintains an
enhances populations of native ghkato insure
their perpetuation as viable ecosystem
components.

The Natural Heritage Bureau administers the
Native Plant Protection Act. Natural Heritage
collects and analyzes data on the status, loce
and distribution of rare or declining native pla
species and exemplary natural communities i
the state.

The Natural Heritage database contains
information about more than 7,000 plant, ani
and natural community occurrences in New
Hampshire.

In addition, Natural Heritage develops and
implementsneasures for the protection,
conservation, enhancement, and manageme
native New Hampshire plants. State agencie
assist and cooperate with the Natural Herita
Bureau to carry out the purposes of the Nati
Plant Protection Act. The Natural Heritage
Bureau also assists and advises the private
upon request.

)
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Cover: Hillsboro Mitigation Site, Hillsboro, NH.
(Photo by Bill Nichols)
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INTRODUCTION

The number ofvetland rapid assessment methods has increased in recent years due to their ability to

provide information on wetland condition and function with a comparatively small investment in

resources. These field driven methods characterize condition and fumgitigrmetrics and stressors that

are relatively simple to evaluate. Condition based methods assess the degree a wetland deviates (if at all)
from reference condition. Function based methods
ecological and soetal services (i.e., perform particular functions). These rapid methods are used to

inform conservation, local land use planning, regulation, restoration success, and mitigation compliance.

The population of New Hampshire is growing rapidly. The statieipates a 28 percent increase in

population between 2000 and 2025. Wetlands in southeast New Hampshire are under increasingly intense
development pressure. Eight towns have more than 20 percent of their land area in wetlands (Society for

the Protectiorof New Hampshire Forests 2005). For constructed mitigation sites and wetlands that have
been degraded by human activities, targeted for r
need to provide regulatory agencies with a potential toolasore the success of these projects is

critical.

The principal goal of this project is to compare alternative wetland assessment methods at three to five
restoration projects, focusing on the overall condition of wetlands at mature restoration orctehstr
mitigation sites. Better understanding the strengths and weaknesses of alternative wetland assessment
methods will allow regulatory agencies and other users to choose the method most appropriate for
measuring restoration success.

METHODS

The princi@l goal of this projecvasa comparison of alternative wetland assessment methods to

determine their potential use as a tool to measure project success. The NH Natural Heritage Bureau

(NHB), in coordination with the NH Department of Environmental Serib&sS) and the University of

New Hampshire Cooperative Extension (UNHCE), achieved this goal by:

Selecting wetland assessment methods to study.

Assessing relevant existing data.

Identifying mitigation wetlands suitable for fielwthsed data collection.

Conducting concurrent and coterminous field assessments of wetlands using multiple methods.
Summari zing and comparing the assessment metho
Disseminating information to end users.

ogkrwNE

Selecting Wetland Assessment Methods to Study

Methodsfor assessing the condition and values of wetlands have proliferated due to the inherent value of
water resources and the variety of agencies and organizations engaged in protecting water quality. These
methods differ based on specific goals as well apots and outcomes. There is a need for objective
means of comparing and selecting the most appropriate method for individual wetland restoration and
mitigation projects.

4 NH Natural Heritage Bureau



This project focusgon Rapid Assessment Methods (RAMs). These characterize wetlaimd) a
combination of existing data (e.g., soil maps and remote sensing data) and field surveys that collect
relatively basic data, so that the total time investment per wetland is limited. Important distinctions
between methods inherent in their desigriude:

Purpose of the assessmérd., condition vs. function)

Availability of relevant existing data.

Field measurements needed.

Degree of expertise required.

Indices and assessments produced.

arwnpE

Other important distinctions that can best be deterntiyefteld-based comparisons are:
1. Accuracy and reliability of existing data compared to field observations.
2. Inter-observer variability.
3. Time investment.
4. Agreement between indices intended to measure the same features.

The wetland assessment methods chémethis study during an April 2012 work plan meeting attended
by project members from NH Natural Heritage Bureau (NHB), NH Department of Environmental
Services (DES), and University of New Hampshire Cooperative Extension (UNMEE)
e The Method for Invetorying and Evaluating Freslater Wetlands in New HampshitdHM)
(Stone and Mitchell 2011).
¢ USA RAM (Environmental Protection Agency 2011; New Hampshire Department of
Environmental Services 2@l
e Ecologial Integrity Assessment methddlf) (Nichols and=abetLangendoen 2012).
o Floristic Quality AssessmenEQA) (Bried et al. 2012).

Most or all of the following criteria characterizes each of the methods selected: 1) applicable for use in
New Hampshire, 2) measures condition and/or function, 3) a raplibthéte., taking one person one

day or less to complete office preparation, field data collection, and data analysis), and 4) recgiiees on
visit.

Assessing Relevant Existing Data

The four wetland assessment methods chosen (NHM, USA RAM, EIA, and&QAjuire or benefit

from prefield office-based preparation using existing data sources. The project team el/akistiag

data currently available for each method relative to its currency, resolution, accuracy, accessibility, and
cost (including sdfvare requirements). The accuracy assessments incdedees recorded by field
surveyors during the actual field assessments of the methods.

Identifying Mitigation Wetlands Suitable for Field -Based Data Collection

The goal of field surveys to be condutfer this projectvasto make comparisons between different
wetland assessment methods at mature restoration or constructed mitigation sites to provide regulatory
agencies with a potential tool to measure success of these projects. Given limited fuirde,dtvtas
important to limit uncontrolled differences between wetlands surveyed to thoseetietthe highest

priority for the methods comparisons. The most mature wigeschosen to improve the likelihood that
restoration succesgasdetectable byhe selected assessment methods. Assessment metredsplied

to five restoration or constructed mitigation sites in central and southern New Hampshire (Table 1).

Table 1 List of sites to evaluate using selected wetland assessment methods.
| Survey Sie | Town | Hectares | Site Data |
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Survey Site | Town Hectares | Site Data

Speedway | Loudon 5 Compensation for filling 4 ha of forested wetlands for
parking lot expansion includes 5 ha of wetland constructi
NH DOT Brentwood |5 Compensation for filling 44.5 ha for highway includes

creating 40.5 ha of etland, preserving 84 ha, and
conducting wetland enhancement of 5 ha.

NH DOT Conway 5.4 Compensation for filling 14.5 ha for highway includes
construction of wetlands in excavation sites with 5.4 ha
adjacent to Pequawket Pond.

NH DOT Hillsboro 55 Compersation for filling 5.6 ha for highway improvements
includes 5.5 ha of wetland creation and enhancement, 6,
of wetland preservation, and 13 ha of upland preservatio
and enhancement.

NH DOT Peterborough 1.3 Compensation for filling 1.4 ha for highwayprovements
includes 1.3 ha of wetland construction and preservation
the wetland construction area and an additional 3.5 ha o
upland preservation.

Conducting Concurrent and Coterminous Field Assessments of Wetlands Using Multiple Methods
Comparison®f results between method&rebased on field assessments designed to reveal differences
between the methods that are relevant to the overall goals of the study, while minimizing differences that
are not inherent in the methodology. Wetland systems sbuoiiedweremature restoration or

constructed mitigation sites. Whenever feasible, preparatory field materials for each of the methods use
the same existing data. Surveyors from NHB #gojthe selected methods at each of the five sites-Inter
observer wriability wasassessed at Conway and for the EPA Grant Projecd@155701, a related and
concurrent study with a larger sample size of sites (n=27). Sundegdessessed multiple wetlands for

EPA Grant Project CB96155701 using the selected methodsbiicaden the context of our comparisons,
data from EPA Grant Project C8615570lwasanalyzed with the data collected at the five mitigation

sites.

Summarizing and Comparing the Assessment Methods Protocols and Results

NHB and DES compadalternative wdand assessment methods through research and by applying the
methods to five mature restoration or constructed mitigation 3Jités reporthereinsummarizeshe

strengths and weaknesses of the selected wetland assessment methods. In addition,gpeciépaity
evaluatse ach met hodés results relative to their use
projects. Comparisortsave beermompiled in digital tables (MS Access and/or MS Excel). During field
assessments, standardized daeetdwereused to record information focused on the ease and accuracy
of the recorded observations (e.g., total time to complete tasks, clarity of instructions in the field, and
degree of certainty in the data recorded). Tables of results include tleegghstrand limitations of each
method as well as the actual indices generated by the field datarasigqBantitative comparisons

between indices when appropriate, but most of the comparigeesgjualitative. The final products guide
users in selecting aappropriate method given the goal of assessing the success of restoration projects.

Disseminating Information to End Users

Summary tables of data collected and of comparisons between metiedsored in digital format (MS
Access and/or MS Excel) andsttibuted to partners. Guidelines suitable for end users to apply when
selecting a method for a particular purpeggeposted in digital format (pdf) on the DES website.

NHB enteedall new and updated exemplary wetland records documented duringuiieéy's into the
Biotics database. These exemplary wetland records inform wetland protection activities in many ways,
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including through use by negovernmental conservation organizations and the environmental review
process run by DES and NHB. NHB distrieditesults from the project to partners in digital formats.
NHB poseddigital versions of the report (pdf) on its website (www.nhnaturalheritage.org). Any
improvements to the NHB classification of natural communities and systems made as a result of this
project will be distributed to the public through the NHB website and future worksh&$enteedsite
specific data in its EMD which serves as the repository for all site related chemical, physical, and
biological data for water monitoring programs.

Sanpling Design

NHB conducedfield surveys at five constructed mitigation sites in central and southern New Hampshire.
NHB produce maps of each of the chosen wetland sites. The maps iddki@clayers, e.g., National
Wetlands Inventory and conservationdgwolygons displayed on USGS topographic maps (1:12,000).
Two surveyors appd the four wetland assessment methods (NHM, USA RAM, EIA, and FQA) at the
mitigation sites (Table 1). Each surveyor \asdlithree of the five sites; the mitigation wetland in Gay

serval as a replicate site (independently assessed by the two surveyors).

NH Method
The following description is adapted from Stone and Mitchell (2011):

The NH Method (NHM) is designed to function as a practical method for towns to use for inwentoryi
and evaluating their wetlands. It is intended to be relatively simple to use but still scientifically defensible.
Appropriate uses of this method include:

1) Educating the public about the functions and values of wetlands.

2) Informing local land use decisien

3) Identifying potential restoration sites.

4) Providing the basis for more thorough assessments.

It can be applied to a single wetland, or used to make relative comparisons among multiple wetlands. For
each wetland evaluated, it generates 12 function s¢ecefgical integrity, wetlandependent wildlife

habitat, fish and aquatic life habitat, scenic quality, educational potential, wétiaed recreation, flood
storage, groundwater recharge, sediment trapping, nutrient trapping/retention/transfoshatigime

anchoring, and noteworthiness). These scores should not be combined into a single index for the wetland.

The first step in conducting a wetland assessment using NHM is to prepare a large scale wetland
inventory map and a wetlargpecific evaluabn map. These maps are used to break large wetland

systems into separate evaluation units as well as for logistics planning. The wetlands are then field
checked to confirm and adjust the map data as well as to collstteasbservations. Standard dateets

are filled out, with each sheet providing guidelines on how to answer the questions and convert
observations into numerical scores. After the scores are entered into a MS Excel spreadsheet, formulae in
the spreadsheet convert the data into an avesage for each function. A narrative description is also

part of the final product from NHM.

This project uséthe 2011 revision of the method (Stone and Mitchell 2011). Instructidhe INHM
manualwerefollowed to develop preparatory maps, plan sys/ collect data, and calculate the function
scores.

USA RAM

USA RAM was developed in 2011 to provide a rapid assessment method appropriate for use nationwide,
and that can be further developed and refined as needed and appropriate. It was initlaiheddégde
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used during the 2011 National Wetland Condition Assessment (NWCA), a Level 3 wetland assessment
effort. USA RAM focuses on the form and structure of wetlands, assuming that wetlands with more
complex form and structure, and less stress, tehdwue higher levels of ecological integrity. Individual
metrics within a condition index are selected and organized to reflect a set of four core wetland attributes
describing ecosystem structure and form (Table 2). One attribute reflects wetland hydsology

represented by water level fluctuation and connectivity to the other aquatic resources. Another attribute
reflects physical structure as represented by topographic complexity and patch mosaic complexity in a
wetland assessment area. The third attrilsubgological structure of the wetland as expressed in terms of
the vertical complexity of the vegetation community and overall plant community complexity. A fourth
attribute termed buffer is also part of the condition index.

Stressor metrics within USRAM are based on an assessment framework that assumes wetland exposure
to anthropogenic disturbance will affect ecosystem condition. The magnitude of those effects is related to
the proximity, intensity, and duration of stressors acting on the wetlancLimalative way. These

influences and their interactions cannot be assessed with a known level of certainty using USA RAM.
Instead, USA RAM relies on an approach that classifies the number of human caused stressors that cause
wetland degradation. The ovérstress on a wetland is assessed as the number of evident stressors and
their intensity. As the number of stressors increase, overall wetland condition declines. This relationship

is assumed to hold true regardless of wetland class.

USARAMcanbeappled t o assess overall condition and stre
Areao (AA). Condition and stress are assessed sep:
Physical Structure, and Biological Structure), based on uniquécmand their field indicators. The same

attributes, metrics, and indicators are applied to every AA. Details andtified USA RAMfield

protocol can be found in USA RAM manual (New Hampshire Department of Environmental Services

2012).

Table 2.USA RAM attributes, condition metrics, and stressor metrics.
Attributes Condition Metrics Stressor Metrics

Percent of AA Having Buffer

Buffer Buffer Stressors

Buffer Width

Water Level Fluctuation Water Quality Stressors
Hydrology

Hydrological Connectivit Alterations to Hydroperiod

Topographic Complexity
Physical Structure Habitat/Substrate Alterations
Patch Mosaic Complexity

Vertical Complexity Percent Cover of Invasive Plants

Biological Structure
Plant Community Complexity  |Vegetation Disturbance

This rapid assessment method uses presence/absence checklists and otheargéative and narrative
metrics that rely on best professional judgment and onsite evidence to measure aspects of the landscape,
hydrology, physical structure, and biologistducture to generate individual attribute and aggregate
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scores to reflect condition on the site. No USA RAM degsesent to a laboratory for further analysis;
all metrics are based on field observations andiéa&:d information.

After consultation wth wetland assessment experts (Josh Collins, San Francisco Estuary Institute, pers.

comm. 2012; Richard Sumner, USEArvallis, pers. comm. 2012), minor changesemade to apply

USA RAM outside of the NWCA context. These changes, reflected in thedawvianual and score

sheets (New Hampshire Department of Environmental Serviced,20dlude:

e Applying the buffer metrics to the 100 m buffer around the wetkystem(rather than around40
meterassessment area).

e Using one to three randomly selectadessment areas (depending on wetland size) to assess the
wetland.

e A nonvascular plant category has been added to the Vertical Complexity metric on Form 5. On the
same form, a percent coverage category of "absent" has been added for each8eappied
Landscape Metrics 1 and 2 to the wetland system in a manner similar to the original USA RAM
However, we did not follow the specific field protocol to field check the buffers along the radials. We
field checked any areas that seemed inconsistent vetimigery we had reviewed.

Control measures to minimize measurement error among surveyors and siteslitieucee of
standardized field protocols, consistent training, field assistance visits, and availability of experienced
technical personnel durirtge field season to respond to ssfeecific questions from surveyors as they
arise. Upon completion of sampling, the field surveyor(s) restall USA RAM forms for

completeness, legibility, and errors. Tables for scoring each metric are provided/BAHRAM manual
(New Hampshire Department of Environmental ServR@&R). In addition, digital photographs with

views in the four cardinal directiomgeretaken from the center point of each assessment area. A photo
log wasmaintained to document the imagend what they represent.

NHB Level 2 EIA

NHBO6s ecological integrity assessment method (EI A
and the Network of Natural Heritage Programs to assessing condition. Earlier methods have been adapted

by building on the variety of existing wetland rapid assessment methods, antktted pproach of EPA

and others. EIA emphasizes metrics that are coneitémed, distinct from stressbased approaches.

Characteristics of EIA include:
¢ Reliance on a general mceptual model that:
o Identifies the major ecological attributedandscape context, size, and the condition of
vegetation, soils, and hydrology.
o0 Provides a narrative description of declining integrity levels based on changes to
ecological attributes.
0 Uses a metricshased approach to assess the levels of integrity.
e Use of ecological classifications at multiple scales to guide the development of the conceptual
models, thereby enhancing attribute assessment.
e A Level 1 remote sensing approach for assessimistzape context using GIS prior to a site visit.
e Ecosystem stressors measured to inform evaluation of condition metrics.
e Ratings and thresholds for each metric based o
benchmarks.
e A scorecard matrix for rating ariategrating metrics into an overall set of indices of ecological
integrity.
e A mechanism for adapting metrics over time as new information and methods are developed.

NH Natural Heritage Bureau 9



The NHB EIA enables consistent and repeated assessment of biodiversity sites to ddteati@és
conserved, enhanced, or diminished. Application of the EIA method is described in Nichols and Faber
Langendoen (2012). Surveyors document the ecological context and classify natural community and
system types first, in order that a basic un@eding of the wetlands structure, composition, and function
are established. This aids in properly assessing the ecological integrity of wetland systems.

The EIA methoddbs wutilization of a veget awlieon <c| as:
NHB&ds natur al community and sybkitlkmecdbaasappfoaahi bo:
biology as follows. Natural communities are recur@sgemblages of plants and animals found in

particular physical environments. Systems aigular associations eatural communities that

repeatedly caccur in the landscape and are linked by a common set of driving forces, such as landform,
hydrology, soils, and nutrient regime. Since natural communities and systems often correspontbclosel

di stinct assemblages of other types of organi sms,
the species and processes in the community or system even if they have not been specifically identified.

They are the natural arenas where patens of different plant and animal species interact, respond to

selective pressures, and continue to evolve. If these natural contexts can be protected and maintained,

wildlife and other biodiversity will benefit; if they cannot, the species they aomay be in jeopardy.

The EIA manual (Nichols and Fabeangendoen 2012) provida@letailed, fieldby-field coding
conventions for the primary data forms used in the field and office. Steps and forms involved in a Level 2
assessment in completion ordecluded:

Prefield:
. EIA Level 1 Land Use Index

Field:
e EIA Level 2 Rapid Recon Form

Postfield:
e EIA Level 2 General Form
e EIA Level 2 Stressor Checklist Form
e EIA Level 2 Metrics Rating Form

The original NatureServe manual (Falh@ngendoen 2009) and formsre adopted by NHB and
adapted for New Hampshire based on extensive testing in 2009 and 2010.

Field sampling methods emplegstandard NHB survey methodology. At the start of an inventory

project, NHB conducts an initial landscape analysis to idemtifgisathat have greater potential to contain
features of interest in the wetland. This process allows surveyors to prioritize survey areas to increase the
efficiency of field visits. Information sources used during landscape analysis include NWI maps

(Cowadin et al. 1979), surficial (Goldthwait 1950) and bedrock (Lyons et al. 1997) geologic maps,
Natural Resource Conservation Service (2009) soil surveys, land cover data (NH GRANIT 2011), and US
Geological Survey topographic quadrangles. Digital layersmoksof these data, used with GIS computer
mapping software, allow rapid comparison and integration of information from different sources.
Surveyors also query the NHB database to identify specific locations of known rare species and
exemplary natural commities within study areas. Then they review aerial photographs to determine
vegetation patterns and conditions.

10 NH Natural Heritage Bureau



NHB consults NWI and soil maps to identify wetland locations, as well as broad vegetation types and
hydrologic classifications. These mapshaltigh not diagnostic, can be useful for predicting systems and
natural communities. In addition to NWI maps, NHB uses topographic maps to determine wetland size,
landscape position, and setting (e.g., degree of isolation, connectedness to streams;iatidragsih

water bodies). Aerial photography signatures are also used to predict system and natural community
types.

NHB designs field survey routes to cover specific destinations and to maximize intersection with
representative areas or polygons of medand lower priority. During field surveyNHB collect data at
specific locations considered representative of the component natural communities, based on observations
and interpretation of community composition and structure. NHB collects data whémeneeis an

apparent change in community type, or there are significant changes in apparent ecological condition, as
evidenced by changes in physical structure or species composition. As the survey progresses, NHB
ecologists use their knowledge and eigaee to identify the portions of the study area that are the most
ecologically significant, and focus attention on these locations (i.e., rare or uncommon communities, or
large, highintegrity examples). The specific route of travel is modified on thengtdo investigate

smalktscale habitat conditions not apparent from landscape analysis. During site visits, the surveyor
collecs detailed plot data for communities that require classification refinement.

NHB collects the following data at observationgnp®during field surveys:

Natural community system type (Sperduto 2011).

Natural community type (Sperduto and Nichols 2011).

Identification of all native and nenative plant species.

Percent coverage estimates for all plant species.

Other descriptive nes including information on soils and other physical site characteristics,
evidence of human disturbance, size of the community, and evidence of wildlife.

6. Diagnostic natural community and rare species photographs.

arwnpRE

NHB identifies most plants in the fieldidng the inventory; others are collected, pressed, and keyed

using the resources available at NHB. Vascular plant nomenclature follows Haines (2011). The

University of New Hampshire Hodgdon Herbari¢RHA) is the depository for voucher specimens of

rare pants. Digital photographs of representative and noteworthy features are stored in the NHB
photographic archive. NHB determines the location of observation points in each natural community type,
and the location of rare plant populations in the study angaa Global Positioning System (GPS). The
accuracy of the data collected by the GPS is generally within 10 meters. NHB catalogs and stores in the
Biotics database field data and site locations of rare plant populations and exemplary natural communities
and systems.

Floristic Quality Assessment
Most of the following description is adapted from Milburn et al. (2007) and Herman et al. (2001):

Floristic Quality Assessment (FQA) is a tool to assist users in assessing the condition of upland and
wetland hatiats. Following refinement of concepts and methodology (Swink and Wilhelm 1994; Taft et

al. 1997), the use of FQA has rapidly expanded. Because a number of recent studies have shown FQA to
be a responsive and reliable indicator of wetland condition, pdiential to be useful in a variety of
monitoring and assessment applications.

A fundamental principle in FQA is the concept of individual plant species conservatism, or fidelity, to
natural systems and communities. Through the evolutionary processsspexelop life strategies and
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adaptations within communities or assemblages that better enable survival in relation to competition,

stress, and disturbance (Grime 1974). It is assumed then that each plant species has a varying degree of
tolerance to disirbance (either natural or anthropogenic in origin) and a varying fidelity to natural
habitats. The Coefficient of Conservatism (C) wval
conservatism and habitat fidelity in relation to disturbancéh@n 1977; Swink and Wilhelm 1994;

Taft et al. 1997). &alues range from 0 to 10 and are assigned to each species in a flora typically by an

expert panel of botanists using best professional judgment.

FQA is applied by calculating a mean coefficientofiservatism (Mean C) and a floristic quality index

(FQI from a comprehensive list of plant species obtained from a particular site. This is done by summing

the coefficients of conservatism of an inventory of plants and dividing by the total numbantofapi

(n), yielding an average or the mean coefficient
the square root of the total number of plants to yield the FQI. The square root of n is used as a multiplier

to transform the mean coefficieof conservatism and allow for better comparison of the FQI between

large sites with a high number of species and small sites with fewer species. Sites with the same C may

have different FQIs, and sites with the same FQI may have different Cs (GofalitR@11; Taft et al.

1997).

The New England Interstate Water Pollution Control Commission (NEIWPCC), with funding from EPA,

used nine of the regionbés most experienced botani:
complete vascular floraf @ach New England state and New York State. The botanists followed strict

guidelines and criteria and communicated several times with each other and NEIWPCC staff to ensure

that high quality standards were met (Bried et al. 2012).

For this project, compang alternative wetland assessment methods, comprehensive vascular plant
species checklists were collected in each wetland system and used to calculate floristic quality indices.
The survey methodology followed a specific protocol. Within each naturahcmity type, an

experienced botanist developed a list of all vascular plant taxa by searching intensively until no additional
taxa with a cover >1% were found within afinhute interval (here defined as the point of diminishing
returns), or until small @as were completely traversed. In portions of natural communities that had not
been completely searched, at the point when 10 minutes had passed with no additional taxa with a cover
>1% located, the remaining areas were surveyed at a higher rate ofthase¢tchnique has been found

to be effective in locating a minimum of 92% of the taxa actually present (Nichols et al. 1998).

For each natural community, percent cover estimates for all plant species were determined. The cover of
each natural communiin the system was also estimated. Together, these estimates were used to
calculate the cover for all plant species within the wetland system. These cover values were then used to
calculate weighted Mean C (Mean Cw) and weighted FQI (FQIw).

Landscape devepment index

A landscape development index (LDI) was used to provide an independent variable to compare against
the four wetland assessment method scores. Recent 2010 statewide high resolution acBRIAXNH

2011) were used to evaluate land use tymkaver within the 500 m buffer surrounding each wetland
system. The LDI was then calculated using land use cover and their associated land use coefficient (Table
3).

Table 3.Land use coefficient table.*

Current Land Use Coefficient
Paved; buildingsmining 0
Unpaved roads; abandoned mines 0.1

12 NH Natural Heritage Bureau



Current Land Use Coefficient
Agriculture (tilled); intensively developed vegetation (golf courses, lawns, sport fieldq 0.2
Clearcut 0.3
Heavy grazing on pasture lands 0.3
Heavy logging with 5675% of trees >30 cm dbh removed 0.4
Interse recreation (ATV use, camping, popular fishing spot); training areas 0.4
Permanent crop (orchards, nurseries, berry production, introduced hay field and pas| 0.4
Commercial tree plantations 0.5
Dam sites and flood disturbed shorelines aroundveabeage reservoirs 0.5
Recent old field dominated by ruderal and exotic species 0.5
Moderate grazing on pasture lands 0.6
Moderate recreation (highse trail) 0.7
Mature old field with natural composition 0.7
Selective logging with less than 50%tofes >30 cm dbh removed 0.8
Light grazing; light recreation (lowse trail); haying of native grassland 0.9
Natural area 1

* Modified from Hauer et al. (2002).

RESULTS

Two surveyors from NHB completed a total of 24 assessments at five wetlandionitigjis (Table 4)
using the four methods: NHM, USA RAM, EIA, and FQA.

Table 4. Wetland assessments (n = 24) completed at five wetland mitigation sites.

NHM USA RAM EIA FQA

SURVEY SITE
Brentwood Mitigation Site Surveyor 1 Surveyor 1 Surveyor 1 Suveyor 1
Loudon Mitigation Site Surveyor 1 Surveyor 1 Surveyor 1 Surveyor 1
Conway Mitigation Site* Surveyor 1 Surveyor 1 Surveyor 1 Surveyor 1

Surveyor 2 Surveyor 2 Surveyor 2 Surveyor 2
Hillsboro Mitigation Site Surveyor 2 Surveyor 2 Surveyor 2 Suweyor 2
Peterborough Mitigation Site Surveyor 2 Surveyor 2 Surveyor 2 Surveyor 2

* Conwayis a replicate site for the mitigation study.

NHM evaluates overall condition indirectly based on anthropomorphic stressors to the wetland in the
Ecological Integity Function. Two other functions, Wetland Wildlife Habitat and Fish & Aquatic
Habitat, may indirectly relate to wetland condition but their scores were poorly correlated at 32 sites
(including the five mitigation sites) with Ecological Integrity score$%R.27 and 0.01, respectively) and
were dropped in further analysis. NHM Ecological Integrity scores were compared to the three other
wetland assessment methods (USA RAM, EIA, and FQA), which more directly evaluate wetland
condition.

Landscape Developmet Index

NH Natural Heritage Bureau 13



LDI was compared to EIA land use index at the 32 wetland sites (Figure 1). On a s¢dle, afl

values averaged 0.6 lower than those from the EIA land use index. The indices were highly correlated (R
=0.79). The land use index values wereuwakated with a raster developed by UNH largely using satellite
imagery acquired by Landsat Thematic Mapper between 1990 and 1999, last revised (including
augmentation from other data sources) in 2001, while the LDI values were estimated by visually
inspecing 2010 high resolution aerial imagery.
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EIA Land Use Index - 2001

Figure 1. EIA land use index calculated based on2001 aerial imagery vs. LDI using 2010 images at
32 wetland sites. Both indices were calculated within 0 m area surrounding each wetland.

Questionnaire Responses
Each surveyor was asked to complete three questionnaires (Appendix 1):

1) Preseason surveyor sassessment after NHM, USA RAM, and EIA training.

2) Method assessment after edietid survey (specific to combination of obserreethoddate

site).

3) Comparison of methods after field season.
Surveyor responses to the questionnaires helped inform data interpretation. A summary of several
responses is below.

Experience of surveyors

For each of the four methods compared in the study, eight to nine sigver@ asked to rate their
experience level (i.e., low, medium, or high; Figure 2). Each method-Baifveyors with a high degree
of experience with that method. EIA had a relatively high proportion of surveyors with little to no
experience (5 out of)8TheNHM and FQAmethodshad only two surveyors with little to no experience.
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Figure 2. Experience of surveyors with each of the four assessment methods.

Field ime requirements

FQA required the least time to complete, averaging around 1.5 houte &fddgure 3). The other three

methods averaged around 2 hours for collecting data in the field. Field time ranged from a minimum of 25
minutes for all four methods to a maximum of 300 minutes for EIA at Powwow River. Powwow River,

the largest site in thstudy (78 ha), also had significant access challenges. The maximum amount of time
in the field for the other methods also took place at large sites, for example 270 minutes for NHM at
Garland Pond, the second largest site at 77 ha. The 32 sites rasgedfiom 0.8 ha to 78 ha.

Table 5. Total time (minutes) required fdield data collection by method.

Method No. of Scores |Avg (min) SD Min Max
FQA 25 97 48 25 210
USA RAM 31 116 58 25 270
EIA 41 124 71 25 300
NHM 39 125 76 25 360

NH Natural Heritage Bureau
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Figure 3. Totd time required for field data collection by method at 32 sites, depicting minimum, lower
guartile (25% of scores), median, upper quartiles (75%), maximum, and outliers (open circles).

Clarity of instructions

For each of the four methods applied at thei8%s, surveyors (n = 9) were asked about clarity of

instructions on a scale of 1 (clear) to 5 (ambiguous). Median responses ranged from 1 (clear) for FQA, 1.5
for EIA, and 2 for both NHM and USA RAM (Figure 4).
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Figure 4. Surveyor (n = 9) responsesdiarity of instructions by method{&lear to % ambiguous).
Depicts minimum, lower quartile (25% of scores), median, upper quartiles (75%), maximum, and outliers
(open circles).

Ability to make scoring decisions
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For each of the four methods applied at3Besites, surveyors (n = 9) were asked about difficulty in
making decisions on how to score metrics or answer questibeasyl to bdifficult). Median responses
ranged from 1 (easy) for FQA, 1.5 for EIA, and 2 for both NHM and USA RAM (Figure 5).
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Figure 5. Surveyor (n = 9) responses to difficulty in making decisions on how to score metrics or answer
guestions (lLeasy to bdifficult). Depicts minimum, lower quartile (25% of scores), median, upper
guartiles (75%), maximum, and outliers (open circles).

Likelihood of similar scores from a similarly qualified surveyor

For each of the four methods applied at the 32 sites, surveyors (n = 9) were asked if another similarly
gualified observer did the s aiwmaysimiarteyeoyw,r swen lod fit5h e |
di fferent. 06 Median responses ranged from 1 (very :
USA RAM (Figure 6).
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Figure 6. Surveyor (n = 9) responses when asked if another similarly qualified observer did the same
survey,wa | d t heir scioeeirpnpgs| mkkEkhivebrey ¥dai ufrfseor etnot .fid)5 Dep i
lower quartile (25% of scores), median, upper quartiles (75%), maximum, and outliers (open circles).

Percent of wetlands surveyed

For each of the four methodsied at the 32 sites, surveyors (n = 9) were asked about the percent of the
wetland (entire system as mapped) they observed in the field. Distant observations were included only if
surveyors were able to assess condition. The median percent of wetlaadsdbn the field were

similar for EIA, NHM, and USA RAM (around 60%; Figure 7). FQA median percent of wetlands
observed was around 50%.
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Figure 7. Surveyor (n = 9) responses when asked about the percent of wetland observed. Distant
observations weracluded only if surveyors were able to assess condition. Depicts minimum, lower
guartile (25% of scores), median, upper quartiles (75%), and maximum.

This study indicates that EIA is the most rigorous method for assessing wetland system condition while
being fairly easy to understand and apply for experienced wetland scientists (Table 18). Basic results from
surveyor questionnaire responses for EIA compared to NHM and USA RAM include:

e EIA instructions were fairly clear (median 1.5 for EIA vs. 2 for NHM &I8A RAM on a scale
of 11 5; Figure 4).

e Even though the EIA method had a relatively high proportion of surveyors with little to no
experience (5 out of 8; Figure 2), the ability of surveyors to make decisions on how to score
metrics or answer questions wadged by observers to be fairly easy (median 1.5 for EIA vs. 2
for NHM and USA RAM on a scale of b; Figure 5).

e The likelihood that another similarly qualified observer surveying the same site would have a
similar score was judged to be somewhat momikvith EIA (median 1.5 vs. 2 for NHM and
USA RAM on a scale ofib; Figure 6).

e The percent of wetlands observed in the field (only including distant observations if able to assess
condition for those distant areas) for EIA were similar to NHM and USA Rakdian around
60%; Figure 7).

e EIA field time was comparable to NHM and USA RAM (Table 5; Figure 3).

Range of Assessment Method Scores
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The range of scores assigned at 32 sites (including five mitigation sites) by surveyors for each method are
summarizedn Table 6. Including replicate scores, the results are based on 45 scores per method. The
maximum possible range of scores varied frarh for EIA to O 144 for USA RAM. FQA is here

represented by four indices: Mean C, weighted Mean C (Mean Cw), FQI,aglted FQI (FQIw).

Table 6.Range of scores assigned by surveyors for each method for 32 sites (including five mitigation

sites).
Method Min Max Avg Range Max
Score Score Score Range

EIA 3.2 4.7 4.3 15 5
FQI 16.1] 41.5 29.4 254 N/A
FQIw 20.5 43.8 326 23.3 N/A
Mean C 3.1 6.1 4.8 3.0 10
Mean Cw 3.1 7.5 5.4 4.4 10
NHM 5.8 10.0 8.6 4.2 10
USA RAM 93.0 126.0 113.7 33.0 144
LDI 2.3 10.0 7.9 7.7 10

Inter-Observer and Inter-Method Variability at Replicate Sites

To allow direct comparisons between noath with different maximum values, standardized scores were
calculated. The actual score was turned into a percent of the total range observed over all 32 sites for that
method (Table 7; Figure 8), then multiplied by 5. The standardized scores thus aidkekt one site

with a score of 0, and one or more with a score of 5 for each method, if calculated for all 32 sites.

Table 7.Standardized scoresi®for each method over all 32 sites) at the threemitigation replicate
sites (n = 5 scores at easite for each method). Sorted by site and then by range.

Replicate Site|Method |[Range  [Mean Score|Min Score |Max Score
Cedar Swamp Pond
USA RAM 1.36 3.82 3.18 4.55
NHM 0.89 4.70 4.11 5.00
Mean C 0.73 4.50 4.27 5.00
FQI 0.73 2.89 2.62 3.35
EIA 0.32 4.67 4.48 4.79
LDI 0.00* 4.05 4.05 4.05
Country Pond NE
NHM 2.86 3.50 2.14 5.00
USA RAM 1.82 3.09 2.27 4.09
FQI 1.58 1.89 0.86 2.45
EIA 1.39 4.10 3.19 4.58
Mean C 0.52 2.56 2.31 2.83
LDI 0.00* 4.48 4.48 4.48
Country Pond NE - AWC
USA RAM 2.27 291 1.82 4.09
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Replicate Site|Method Range Mean Score|Min Score |Max Score
NHM 2.26 3.80 2.74 5.00
EIA 1.33 4.45 3.67 5.00
FQI 1.14 1.68 0.94 2.08
Mean C 0.72 3.41 3.11 3.82
LDI 0.00* 4.48 4.48 4.48

*Recorded by a single observer (intdrserver variability not applicable).
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Figure 8. Standardizd scores (05 for each method) at the five mitigation sites. EIA scores trend from
lower to higher from left to right (see dashed blue line). Note: Conway Mitigation Site was scored twice,
by two different surveyors.

Range was used as an index of ikdbserver variability: it is more easily interpreted than standard
deviation, and when calculated, standard deviations were highly correlated with rargegB).
Outliers were not a problem with these replicate scores.

Ignoring LDI, which was recorded laysingle observer, NHM and USA RAM had the highestinter
observer variability at all three nanitigation replicate sites, while Mean C or weighted Mean C scores
had the lowest (Table 7; Figure 9). The five indices varied considerably within eachgite ), with

FQI consistently assigning the lowest scores and EIA assigning the highest {trhigktest) median
score.
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Figure 9. Boxplots (median, quartiles, minimum, and maximum) for six assessment methods at three
sites with replicate data & 5 surveyors at each site except that LDI was scored remotely by a single
person).

Agreement Between EIA and FQA (Mean C and FQI) Scores

In our study, EIA scores from 32 sites (including five mitigation sites) were compared with Mean C and
FQlIscoresTabl e 8) . FOo tEHrAes h dled AiBeparate sites with h
those with | ower ecological i ntipr itthy.e sMmdtd Maaen >
Mean C threshold used in the Midwest to separate wetlands igitartfloristic quality from those with

lower quality (Milburn et al. 2007; US Fish & Wildlife Service 2012; Wilhelm 1992). Musquash Swamp

and Brentwood Mitigation Site were the only wetl al
and 3.39, respecivl y ) . Merri mack Technology Park was the on
Mean C above 3.5.

Table 8.Comparison of EIA scores from 32 sites (including five mitigation sites) with Mean C and FQI
scores. Scores for each method were averaged at tedites. Mean C scoresitalic font are
anomal ously |lying ailkovehoeshel dw(trtled EI AefB

Survey Site EIA Grade Mean C FQI

Hinsman Pond A 5.23 35.88
Cedar Swamp Pond* A 5.81 30.79
Lost Ponds A 6.10 36.09
Smithds Pond A 5.38 28.97
Parker Pond A 4.94 35.64
Odiorne Pond A 4.74 38.53
Hall Mountain Marsh A 4.52 32.59
Country Pond NET AWC* A 5.15 24.62
White Lake State Park A 5.92 29.60
Turee Pond B 5.31 41.48
Clay Pond B 3.93 26.39
Spruce Swamp B 4.59 28.66
Garland Pond B 4.67 34.29
Spruce Hole Bog B 5.76 31.01
Silver Lake, east of B 5.61 38.04
Powwow River B 4.32 27.64
Country Pond NE* B 4.63 25.69
Pennichuck Pond B 4.33 16.78
Heath Pond Bog B 5.63 40.63
Cooks Pond Outlet B 5.33 36.12
Musquash Swamp B 3.47 26.69
Powwow Pond B 4.66 28.71
Lee Town Hall Bog B 5.03 28.46
Loudon Mitigation Site** B 3.57 29.20
Lovewell Pond B 3.74 24.23
Conway Mitigation Site** B 3.67 31.76
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Survey Site EIA Grade Mean C FQI
Rochester Heath Bog B 4.44 28.42
Brentwood Mitigation Site** B 3.39 27.57
Hillsboro Mitigation Site** C 3.07 26.73
Peterborough Mitigation Site** |C 3.41 26.00
Merrimack Technology Park C 4.70 32.24
Pennichuck Water Works C 3.29 16.13
Kettle

*One of three replicate sites in Kingston, NH.
**QOne of five mitigation sites (Note: Conway is a replicaiie for the mitigation study).

Mean C and FQI are expected to have different floristic quality thresholds (e.g., for high quality and

degraded examples) for different systems, related to varying patterns of vascular plant species richness
and their assoated CoC values (Herman et al. 2001; Bourdaghs 2012). EIA was a fairly good predictor
of Mean C and FQI scores for the kettle hole bog systém (R71 and 0.37, respectively; Figure 10) and

the drainage marshshrub swamp system {R 0.53 and 0.54 gspectively), but less so for other system

types.
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Figure 10.Relationship of EIA scores to Mean C and FQI scores by system type at 32 wetlands
(including five mitigation sites). Scores are averaged for sites with replicationS ®#drainage marsh

- shrub swamp system; MLF = medium level fen system; PLF = poor level fen/bog system; KHB = kettle
hole bog system.

Linear regression showed Mean C scores were moderately correlated with EIA sGer@4@R Table

9) and somewhat less correlated to USAMRand NHM scores (R= 0.42 and 0.37, respectively). A
weaker relationship exists between FQI scores and the other three methods. EIA was moderately
correlated with USA RAM and NHM (R= 0.56 and 0.52, respectively). USA RAM was less correlated
with NHM (R? = 0.35).

Table 9.Coefficient of determination @Rfor average scores of 32 wetlands (lower diagonal; below cells

with the number fA10). Upper diagonal (above cell s
coefficients.Correlationsinithi ¢ font are significant at a Apo val
EIA Mean C | FQI Mean FQIw LDI NHM USA
Cw RAM
EIA 1 0.000 0.017 0.026 0.150 0.000 0.000 0.000
Mean C 0.48 1 0.000 0.000 0.002 0.002 0.000 0.000
FQI 0.18 0.32 1 0.388 0.000 0.053 0.132 0.012
Mean Cw | 0.10 0.53 0.03 1 0.000 0.227 0.216 0.009
FQIw 0.07 0.27 0.52 0.38 1 0.400 0.945 0.031
LDI 0.64 0.28 0.12 0.05 0.02 1 0.000 0.000
NHM 0.52 0.37 0.07 0.05 0.00 0.56 1 0.000
USA RAM | 0.56 0.42 0.19 0.21 0.14 0.35 0.35 1

Assessment Method Scores at Mitigationites

Two surveyors applied the four wetland assessment methods (NHM, USA RAM, EIA, and FQA) at five
mitigation sites (Table 10). Each surveyor visited three of the five sites; the mitigation wetland in Conway
served as a replicate site (independently assklgy the two surveyors). Conway FQA scores, influenced

by the vascular plant species and their associated CoC values documented by each surveyor, were
significantly different by surveyor (Mean C 3.22 vs. 4.11; FQI 28.6 vs. 34.9).
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The other three methedlo not require a comprehensive list of vascular plant species as part of the
assessment. For these methods, there was a consistent difference in scoring between the two surveyors at
the Conway replicate site. The scores from one surveyor for each methetiigher than the other

observer (EIA 3.92 vs. 3.50; NHM 7.35 vs. 6.70; USA RAM 114 vs. 102), in an opposite manner from

FQA results.

Table 10.Wetland assessment scores at the five mitigation sites sorted bitditAscoresndicate the
highestrated wetland for that method. Note: Conway Mitigation Site was scored twice, by two different
surveyors.

Surveyor |EIA Mean C |FQI NHM USA LDI*
Mitigation Site RAM
Loudon Surveyor 13.96 3.57 29.2 7.20 96 8.77
Conway Surveyor 13.92 3.22 28.6 7.35 114 271
Brentwood Surveyor 13.53 3.39 27.6 8.10 108 6.61
Conway Surveyor 43.50 4.11 34.9 6.70 102 2.71
Hillsboro Surveyor 33.32 3.07 26.7 7.20 93 7.22
Peterborough Surveyor 43.30 3.41 26.0 7.60 99 5.31

*Recorded by Surveyor 2.

DISCUSSION

Multiple comparisons are needed to describe the differences between wetland assessment methods.
Possible comparisons vary from the logistics of how data are collected to the overall goal of what wetland
feature(s) are being measured. This discussion will focusre gmportant contrasts between the

methods used in this study, with a more detailed comparison presented in tabular format.

Wetland Assessment Area

Clearly defining the assessment area prior to field surveys is critical to how data are collected{edterpr
and utilized. Important factors to consider when defining the area to be assessed include: sample design
and site selection; effective field application; ecological significance of results; and ability of results to
meet project objectives (Fennessyal. 2004).

Wetlands can be defined geographically and/or based on distinct suites of characteristic vegetation
(systems). One major difference between NHM and the other three methods used in this study is that
NHM is typically applied to the entire wahd complex (i.e., geographically defined and potentially

including multiple systems), whereas USA RAM and EIA generate a separate score for each system. FQA
can be applied to any defined area, but care has to be taken to collect data within eacin sydtmoi

generate a complete species list.

e The basic assessment area evaluated using NHM is a single wetland consisting of one or more
systems. The method recommends not breaking a wetland complex into two or more assessment
areas unless there is a catlipg reason to do so.

e USA RAM targets a single wetland system and considers the entire system the assessment area

when 20 ha or less in size. Larger wetland systems require at least a second assessment area. If
the difference between the condition gfrom the two assessment area is greater than 15%,
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then a third assessment area is required. Scores for each assessment area would then be combined
to generate a score for the system.

e For EIA, the assessment area is defined as a single wetland sygjard|ass of size. Data
collection (observation points) is conducted at one or more sites within each natural community
in the system.

e FQA can be applied to sites that vary in the number and types of upland and wetland systems.
However, FQA indices are meinterpretable when comparing data among similar systems,
especially when using a standardized sampling design (Herman et al. 2001).

Each method has a different protocol to select sampling sites within the assessment area, but the end goal
is the sameto characterize the condition and functions of the entire assessment area.

Assessing Function vs. Condition

Wetland assessment methods differ in whether they measure individual functions, or provide a measure of
overall condition. Functional assessmeniglgate each function separately from the others (see Table

19). This allows specific problems or exceptional traits to be identified, but renders it difficult to assess
overall ecological integrity (Fabdrangendoen et al. 2006). Overall condition carcdmsidered an

indirect measure of wetland functions: when wetland condition is exceptional, then both ecological
integrity and the functions associated with the wetland type occur at levels comparable to reference sites.

NHM evaluates the performance & §eparate wetland functions at a site. This degree of sensitivity to
individual functions is not possible for condition assessments with a single score, such as FQA. However,
the function scores should not be combined for an overall wetland conditi@n 8cothe one hand this
encourages/requires users of NHM to explicitly think about the variety of functions provided by each
wetland. On the other hand, it makes it difficult to compare multiple wetlands except on a finyetion
function basis.

EIA resultsin an overall wetland condition score based on (in addition) scores for five Major Ecological
Attributes (Size, Landscape Context, Vegetation, Hydrology, and Soils). Each Major Ecological Attribute

score is calculated from metric scores associated wathtthibute. Pralefined thresholds exist for
translating numeric EI'A scores into ranks on an f/
ranked and compared on their overall condition. EIA does not measure specific wetland ecological

services ad functions, potentially making it difficult to use to justify wetland protection in terms of

monetary value to the community. However, all ecological functions can be inferred to be in good shape

for highly ranked wetlands, while one or more can be iateto be impaired at lowmanked sites.

USA RAM is comprised of 12 individual condition or stressor metric scores that roll into an overall score
for the assessment area. The overall score permits comparisons between multiple wetlands. However, its
condiion and metric scores do not include the cultural functions measured by NHM, and the overall score
lacks some of the insight that EIA gains by integrating into the method a system and natural community
classification (see next section). Similar to funclilbaissessments, the individual metrics and attributes
associated with EIA and USA RAM can be used as mitigation tools, measuring compensational
adequacy.

Use of Wetland Classifications

Wetland assessment methods should be able to account for a widefrevegland types (Faber

Langendoen et al. 2012a, 2012b), utilizing diagnostic indicators of condition specific to each type. Using
some form of wetland classification to guide sampling and analysis reduces variability of scores within
wetland types and immpves the ability to differentiate ecological integrity over a range of wetland
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conditions (Fennessy et al. 2004). Using a wetland classification is also important because the
susceptibility of different wetland types to a particular stressor may difen@ssy 2004). For example,
nutrient runoff on average will affect a kettle hole bog system to a greater degree than it will a drainage
marsh- shrub swamp system.

EIA uses a wetland classification (Sperduto 2011; Sperduto and Nichols 2011) that isrbasgdtation

composition and structure as well as a specific combination of physical conditions (e.g., water, light, sail,
nutrient | evels, and climate). Applying the cl assi
condition by refining ecologita cont ext and increasing the surveyor
the scope and severity of stressors to the system.

NHM and USA RAM both utilize Cowardin et al. (1979) but only to identify assessment areas, not to
improve the sensitivity of aessments to estimate condition. For FQA, indices are more interpretable
when using a vegetation classification to compare data among similar systems.

Use of Stressors

NHM, USA RAM, and EIA all evaluate stressors known to negatively impact function auidition.

They differ in which stressors are focused on, and whether stressors are explicitly measured or simply
noted as part of the process of generating other scores.

NHM& s t hr e-easeld furactioms gEcatogidal Integrity, WetlaBépendent Wiltife Habitat, and

Fish & Aquatic Life Habitat) are largely evaluated in the context of huimaunced stressors to the

wetland and surrounding landscape. For each of these functions, one or more questions address a stressor
that could negatively affect thaystem(s). Wetlands little impacted by stressors have higher scores for

these three functions.

USA RAM uses stressdrased metrics to evaluate each of the four attributes of ecological integrity
(Buffer, Hydrology, Biological Structure, and Physical staue). Condition metrics are also used to
evaluate all but Hydrology (this attribute is assessed only in terms of stressors).

For EIA, stressors are used to inform assessment
condition. The scope andwaity of multiple stressors are recorded, but they are not rolled into the
overall score.

Repeatability and Minimum Experience Requirements of Assessment Methods

Variations between observers in how wetlands are measured reduces the value of codditioctian

scores. At a given place and time all observers sl
ecological integrity of a wetland. Methods that result in wide variations between observers cannot be used

with the same confidence as methods toatsistently produce similar results even when applied by

different field personnel.

Inter-observer variability was examined in this study primarily by having multiple observers score the
same wetland using multiple methods. At other wetlands, vatiabilie to factors other than the observer
and the method being used was reduced by (a) completing all the surveys in a single field season
(primarily July and August) and (b) limiting the type of wetlands used in the study to those with similar,
relatively simple vegetation.

Based on questionnaires, observers indicated that they expected similarly experienced observers should
have similar results to their own for all four methods, with EIA and FQA slightly more likely to have low
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inter-observer variationrhis expectation was partially borne out at the three wetlands where five
observers took replicate measures for each of the methods: EIA and FQA had less variation between
observers than NHM and USA RAM. However the absolute differences for NHM and USAvifdé/
fairly high, e.qg., differing by more than two points on a fpa@nt scale.

Inter-observer variability is affected by training and experience. In one study (Herlihy et al. 2009),
researchers found training had a greater impact on observer to oliepeatability compared to

experience. In our study, these two factors were not compared directly, but the importance of experience
is likely heightened relative to training for EIA and FQA compared to NHM and USA RAM. The
recommended minimum backgrourat EIA and FQA application is a professional wetland scientist with
competent botany and plant community ecology skills. Although NHM is often used by wetland
scientists, by design a background in wetland ecology is not required. The minimum backgralaad nee

to use USA RAM probably lies somewhere between NHM and EIA/FQA to achieve reasonable
repeatability.

For a given wetland, a nearly complete species list is recommended for FQA. Assuming a reasonable
level of botanical competence between observerqrih@ary factor contributing to intesbserver

variation is likely to be survey effort. There is a weiticumented relationship between number of species
observed at a site and the area searched. It is therefore particularly important with FQA thag samplin
methods be similar in design and intensity. When sampling methods differ, contrasts should be clearly
stated (Rentch and Anderson 2006).

Applicability of Methods to Different Uses

Water quality standards

Water quality standards are established forraber of reasons including: promoting improved water

quality; pollution prevention; protection of drinking water supplies; wildlife conservation; and for
agricultural, industrial, recreational, and other uses. Level 3 (intensivebfiskll) assessments are

required to make meaningful water quality evaluations. Level 2 rapid assessment methods can be used as
initial screening tools for evaluating water quality but they are no substitute for more detaisgbsitie

studies.

NHM, USA RAM, and EIA all adtess water quality at Level 2. Two functions in NHM with direct

bearing on water quality are Sediment Trapping and Nutrient TrafitetentioaTransformation.

Functions indirectly addressing water quality are Ecological Integrity, WebBapgndent Wildlié

Habitat, and Fish & Aquatic Life Habitat. For USA RAM, one of the twelve metrics, Stressors to Water
Quality, provides a rapid assessment of water quality. Other USA RAM metrics include some stressors
that effect water quality. EIA protocols originallycluded a Level 2 water quality metric. After field

testing and data analysis, this metric was dropped because of the degree of subjectivity in the evaluation
and acknowledgement of the need for a Level 3 assessment to adequately address water cgrality. Sev
of the stressors listed in the EIA Stressors Checklist directly or indirectly relate to water quality and in
this way, water quality is addressed in the method.

Wildlife value

A thorough evaluation of a wet Bassedsmentssimamd s wi | dl |
evaluating water quality standards. Each of this
wildlife at Level 2 to some degree. For NHM, three of the 12 functions address wildlife either directly or
indirectly (Ecologcal Integrity, WetlaneDependent Wildlife Habitat, and Fish & Aquatic Life Habitat).

Wetlands with higher scores for the Ecological Integrity Function are more likely to support better quality
wildlife habitat than wetlands with low Ecological Integrigoses. The Wetlan®ependent Wildlife

Habitat Function looks at some of the species that depend on wetlands for all or part of their life cycles.
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The Fish & Aquatic Life Habitat Function provides a general assessment of habitat conditions for fish and
othe aquatic life.

For USA RAM, several of the 12bupfrfientarlya nnde tcra vcesr saod
Metrics 1 & 2 include any roadway dangerous to wildlife (e.g., railroads, busy streets, highways, etc.).

Buffer Metric 3 includes stressaditsat could affect wildlife in and around the wetland system. The

physical structure attributes (Metrics 4 & 5) and biological structure attributes (Metrics 6 & 7) help

evaluate topographic relief, patch diversity, vertical structure, and plant stratiegitymll of which

can affect habitat quality and diversity for animals. Metrid8&ssess stressors in the wetland system,

including those that could affect wildlife.

Like USA RAM, EIA assesses wildlife value indirectly based on stressors and h@b#gdtand Use

Index evaluates land uses and their impacts in three zones surrounding a wetland system (Buffer, Core
Landscape, and Supporting Landscape). Collectively, these zones evaluate landscape connectivity out to
500 m from the wetland edge. Landseaonnectivity addresses ecological dynamics and species that
depend on the larger landscape beyond the immediate hudfefscapes retaining more connectivity

between habitat patches are more likely to maintain populations of various wildlife spatiahabit

the patches. The Stressors Checklist, which informs completion of metric evaluations, considers several
stressors that could affect wildlife in and around the system. By explicitly classifying the assessment area
to system type, EIA allows theser to directly identify key wildlife habitat types and thus wildlife species

of conservation concern by referencing New Hampshi
Game 2011).

FQA measures wetland condition using floristic quality. To a ¢cegxsient, one can assume that FQA
indirectly measures the condition of wildlife habitat in and around the wetland system. Wetlands with
higher Mean C and FQI scores (higher floristic quality) are likely to support better habitat for native
species comparedgith wetlands with lower scores.

Requlatory decisions / permit review

The ecological condition and functions of wetlands, along with a variety of other factors, affect regulatory
and permit decisions. Highuality wetlands may have additional regulat@guirements, in order to

protect water quality and other wetland values. Each of the assessment methods studied in this project has

the potenti al to contribute to a meaningf ul under ¢
functions. In New ldmpshire, wetland assessment methods currently affect the regulatory process
through two avenues: 1) checking for fAexemplaryo

Natural Heritage Bureau (NHB) wusi nigentfEidddmostyyd 2) c h
by NHM.

Many agencies and organizations at the local, state, and federal levels currently require that permit

applicants include an assessment of potential impacts to rare plants and animals and exemplary natural
communitiesinthegrj ect area. This requirement is typically
against records maintained by the NH Natural Heritage Bureau (NHB); when there are potential impacts

to rare species or exemplary wetlands, NHB recommends ways to avoid, redodtigate these

i mpacts. Any wetland judged by NHB to be Aexempl al
Hampshire Native Plant Protection Act (RSA2A] defines an fAexemplary natu
viable occurrence of a rare natural comityutype or a high quality example of a more common

community type as designated by NHB based on community size, ecological condition, and landscape

context. Applying the EIA method to a wetland and evaluating the five major ecological attributes
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associate with size, condition, and landscape context is the process now used by NHB to determine if a
wetland natural community or system is exemplary.

Individual municipalities, undeRSA 482A:15 and administrative ruldsnv-Wt 700 may choose to
designate wetlands as fAprime wetlandso daprimer h
wetl ands may include | arge si ze, exceptional e
communities and systems), and the presence of rare plant and animal species. After prime wetland
candidates have been identified, a public hearitglid to vote on the designation. If the municipality
supports the designation as prime, relevant documentation is sent to the DES Wetlands Program for
review. If approved, DES will apply the applicable law and rules to proposed projects within the prime
wetland or the 1006 prime wetland buffer. Wetl ands
DESG6s review of permit applications. Forbaseche pur p
NHM has been recommended by the NH DES Wetlandsd&uPrime Wetlands Regulations since 1991.

The three other methods compared in this study (USA RAM, EIA, and FQA) could also be used to inform

prime wetland decisions. Each method has different strengths and weaknesses, which are summarized in
Table 18.

Mitigation compliance

Mitigation offers a way to offset unavoidable wetland impacts through the restoration or creation of other
wetlands (Mitsch and Gosselink 2000). Fabes ngendoen et al . (2008) state
mitigation involves a process inhich the ecological integrity, function, and/or services creegstbred

enhanced from a mitigation wetlands is compared to the ecological integrity, function and/or services lost
from an i mpacted wetl and. d No namancestamdardg ui del i nes
Ki hslinger (2008) recommends thaté

APermits should define performance standards t
community structure, soil, hydrology, amphibian communities, and vegetation (Fennessy et al.

2007). Currentlymany permits simply require a certain percentage of herbaceous cover as a

criterion for assessing the success of a mitigation site because it is easily measured and may

quickly reach required thresholds. However, percent herbaceous cover may not lmeeatsuff
surrogate for most wetland functions (Cole and

Gale (2003) describes key measures of successful mitigation, common pitfalls, and ways to improve the
likelihood of success (Appendix 2). There is a heed to use such guidelines tedrii@r@urrent

approach to evaluating mitigation sites in NH. For example, the following account of the Conway
Mitigation Site seems to apply to the other four
USACE and NHDES Wetland Permits do pawisome general guidance on mitigation goals for the site

(e.g., create a functioning wetland capable of providing flood storage, water quality renovation, and

habitat values similar to those of the impacted wetlands), these conditions do not addriéss speci

standards of success and performance criteria to be reviewed ostadongm basi so ( NH Depar
Transportation 2012). Table 11 summarizes the mitigation project goals documented for each of the five

sites included in this study. Rapid assessmeathads have the potential to provide a set of consistent,
sciencebased goals for mitigation sites and criteria for judging their success.

Table 11.Project goals for each of the five wetland mitigation sites.

Mitigation |Year Prior Use  [Mitigation Design Goals

Site Created

Brentwood |1996 Gravel area |Overalt
and Replace principal functions and values lost (i.e., water quality, flood
recreational [storage, and wildlife habitat)
camp sites
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Mitigation |Year Prior Use  [Mitigation Design Goals
Site Created
Other
+Replace wetland acreage impacted
+Replace approximate acreagfewvetland vegetation types impacted
+Natural regeneration emphasized in two zones
+Create/restore predetermined acreage amounts by wetland vegetati
+Replace flood storage lost
+Replace principal valuable functions lost (i.e., wildlife habitat, flood
storage, and nutrient/sediment retention)
+Provide additional water quality treatment of stormwater runoff
+ Enhance/restore wildlife habitat along the Lamprey River and stabili;
unvegetated slopes
Conway 2006 Sand & Overalt
gravel Constructiorand enhancement to create functioning wetland areas sin
excavation |to those of the wetlands destroyed by the project (e.g., create a functi
wetland capable of providing flood storage, water quality renovation, g
habitat values similar to those of the imigatwetlands)
Other
¢ Topsoil in wetland with organic content of-B0%
¢075% successful establishment
seasons
2% downed woody debris (standa
macrainvertebrate species development panavides a more natural
appearancebo
#Size ratio equal to or greater than impacts
Hillsboro 2002 Farm field |Overalt
Establish wetland functions and values that include flood storage, wat
quality improvement, groundwater recharge, wildlife habitat.e@nal
opportunity, and aesthetics
Loudon 2000 Sand pit Overalt
Compensate for loss of ground water recharge, wildlife habitat, and w
quality functions provided by the destroyed wetland
Other
¢075% successful establishment
seasons
+Wetland creation and enhancement areas shall be properly construg
landscaped, monitored, and remedial actions taken that may be nec
to create functioning wetland aresimilar to those of the wetlands
destroyed by the project
Peterboroug|2006 Canal and |Overalt
former mill |Principal function of impacted wetlands was sediment and toxicant

retention; intended goal of mitigation site is to provide sediment and
toxicant etention, as well as wildlife habitat and flood storage

Other

+lIs the proposed hydrology met at the site?

+Are the proposed vegetation diversity and/or density goals for woody
plants met?

+Does the mitigation site have at least 80% areal cover, excluldingegul
open water areas or planned bare soil area, bynvaisive species?
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Mitigation |Year Prior Use  [Mitigation Design Goals
Site Created

+Are invasive species at the mitigation site being controlled?
+Are all slopes, soils, substrates, and constructed features within and
adjacent to the mitigation site stable?

Idealy, a thorough evaluation of the five impacted wetlands would have been completed prior to their
destruction. Classifying the wetlands to system type and identifying the natural communities they
supported, together with an evaluation of the conditionaif thegetation, hydrology, and soils, is

essential to subsequent comparisons to the mitigation sites. The lack of this data limits our ability to more
fully compare the strengths and weaknesses of the four wetland assessment methods in measuring
mitigationcompliance and success.

For the five mitigation sites in our study, the EIA method could have been used to develop specific

success standards and lelegm performance criteria, as well as to monitor mitigation progress

(Appendix 3). Fabetangendoen &dl. (2008) provide several examples to illustrate how EIA can 1) set

ecological performance standards for mitigated sites and 2) determine whether or not the ecological goals

of mitigation have been met. E|l A0 dsisdueiintpartioiité i ty f ol
diverse structural and functional measures. It also benefits from its use of reference wetlands as a model

for the expected dynamics of created or restored sites. Table 19 in Appendix 3 outlines performance

standards developed irh@ for wetland mitigation and presents a list of EIA metrics relevant to

measuring progress on those performance standards. Table 20 shows how EIA metrics can track progress

at a mitigation site over time.

With further development and testing, USA RAiKely could be used in a similar fashion as EIA,
particularly if it utilizes a vegetation classification to enhance metric assessment.

NHM functions could also be used in developing standards and measuring mitigation success, focusing
on functions in needf restoration for a given wetland. To the extent that mitigation goals include or
focus on ecological services and cultural values, NHM has the advantage of explicitly scoring different
functions. Assessing mitigation success will require comparisoneeetdifferent wetlands (lost vs.
created) and different times (mitigation success over time). This may require additional guidelines for
how to reduce inteobserver variability, e.g., by recommending a minimum level of observer expertise
for studies of rtigation sites.

FQA has been used in other states to make permit decisions and to develop performance standards and
mitigation criteria (Wilhelm 1993; Swink and Wilhelm 1994; Andreas and Lichvar 1995; Herman 1994).

The US Army Corps of Engineers in thai€ago District uses FQA to measure mitigation success

(Milburn et al. 2007). To be in compliance, mitigation wetlands are required to have a Mear8C. 5 or

FQI O 20 within fi FQAisylecaused in bifiois to establibhl régudaliony enitigation

ratios. For a permitted impact, wetlands with relatively high Mean Cs and FQIs often require greater

mitigation ratios; the permit couldsa be denied if the impact is considered unmitigable. For example,
administrative rules to the lllinois Wetland Policy Act of 1989 (20 ILCS 830, 17 Ill. Adm. Code 1090)
reqguire a 5.5:1 mitigation replacementa mattiiov ef &rQl |
20. I n the Chicago region, Wi lhelm (1992, 1993) pi
are unmitigable because of the unlikelihood of restoration achieving the original floristic quality; sites that

are likely mitigablehave lower floristic quality with FQI in the teens and twenties (Herman et al. 2001).

Bourdaghs (2012) developed FQA condition thresholds for all 14 wetland system types occurring in

Minnesota by analyzing existing and newly sampled Natural Heritageérétea for presettiement,
minimally impacted, and severely degraded wetlandss@iteement and minimally impacted examples
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were identified from sites visited by Natural Her.|
Preliminary examples of sevdy degraded sites were identified through landscape analysis and then

confirmed and sampled in the field. In NH, FQA thresholds can be developed in a similar fashion through
analysis of NHB relevé data across condition gradients fd28heetland systemi the state. FQA

condition thresholds can then be used for evaluating mitigation success and to trigger certain actions in
mitigation compliance, regulatory decisions, and management.

As this study suggests and other studies have showrweighted FQAiIndices outperform weighted

indices for betweesite comparisons (Table 9; Poling et al. 2003; Bourdaghs et al. 2006). However, some
studies reveal that wei ght e dtratki@dchangesiwitlineagpartcidan fAi n c |
si t e ov eurdaghs etna. 800q) &d in wetlands with significant cover of invasive species

(Bourdaghs 2012).

Mean C scores for the five mitigation sites (ranging fromi30771, the latter an average of scores from
two surveyors) were among the lowest of the 3&siurveyed in the concurrent EPA study (Table 8).

The Mean C at two mitigation sites (Conway and Loudon) was above the 3.5 threshold used to indicate
relatively high floristic quality elsewherblsing Midwest FQA standards for measuring mitigation
succesgall of the surveyed mitigation sites were in compliance with FQI, while only Loudon and
Conway (Surveyor 2) were above the 3.5 Mean C compliance threbfunever, caution should be used
when interpreting these scores (as well as the FQI scores asities3eintil FQA floristic quality

thresholds among different wetland system types have been developed in the Northeast.

Ability to assess condition and identify ecologically significant wetlands

The foundation for successful biodiversity protectiotoigentify and protect a series of representative,

high quality examples of all the stateds ecosyst el
constituent species and underlying ecological processes. NHB and other Natural Heritage programs use

two ranks to prioritize examples of natural communities and systems for protection. The first is based on

the type (classification) of wetland: is it a rare type, or a common one? The second is based on the quality

of the particular example: is it relatiyaundisturbed, in good condition, or have some of its features been
degraded?

EIA, USA RAM, and FQA all estimate overall ecological integrity or condition for wetland systems

(NHM estimates individual ecological functions and societal values). FQA isawessarily meant to be

used as a staralone method. Herman et al. (2001) state it should be used to supplement or validate other
assessment methods. In the future, FQA will be combined with other Vegetation Condition metrics in

NHBOs EI A pusedisao aptiosal metrid USA RAM is under development but its stressor

and condition based metrics evaluate key componeni
condition.

In their current form, EIA is the only one of the four methodstbatiires classification of the wetland

system (Sperduto 2011; Sperduto and Nichols 2011) and thus allows factors such as the rarity of the type
and its sensitivity to different stressors to be considered. The sensitivity of several USA RAM metrics to
differences in condition would likely improve if they were more specific to wetland type.

Interpreting Scores

To enhance their usefulness, the numeric scores generated by wetland assessment methods need to be
translated into ranks (e.g.;B) and/or have ahteshold value that separates hagrality from low

guality wetlands.
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Previous studies applying the FQA method used a Mean C >3.5 (FQI >35) to separatguagtyefrom

lower-quality sites (Wilhelm 1992; US Fish & Wildlife Service 2012). For EIA, thidihg line between

sites with an A or B rank vs. those with a C or D rank is 3.5. In this study, FQA and EIA scores agreed on
which were the highequality sites for 29 of the 32 wetlanl&ble 9). Two of the disagreements were

borderline (Mean C of 3Band 3.47 rather than >3.5 for sites that EIA ranked as B). Only the 4.7 Mean

C score at Merrimack Technol ogy Park was noticeabl
EIA grade is largely due to a degraded landscape context. Mean C valuaeddpde relatively

insensitive to landscape context at this site. In addition, nupi@mt bogs and fens typically support a

relatively low number of species (47 species at Merrimack Technology Park) and several species with a

high fidelity to theseystem types. The presence of nine species with high CoC values (ranging from 7 to

9) had a disproportionate effect on the siteds Me:
Virginia, acidic nutrierdpoor bogs support several species with higli @alues and Mean C scores tend

to be relatively high in this system even though species richness is relatively low (Herman et al. 2001,
Bourdaghs 2012)Caution should be used when interpreting FQA scores until floristic quality thresholds

among differentvetland system types have been developed in the Northeast.

Mean C scores for the five mitigation sites (ranging fromi3057; Table 10) were among the lowest of

the 32 sites surveyed (Table 8). All five of these sites also had an EIA score beloged3(&03.96;

Table 10). A possible reason for the relatively low Mean C scores is that the mitigation sites may need
more time to improve their floristic quality even if the potential for higher floristic quality exists at each
site (ages range from 7 12 years since created). Another possible reason is that system type was
different for the five mitigation sites (drainage marsrub swamp system vs. nutrient poor bogs to
weakly minerotrophic medium level fens for all but two of the other sites)laRdatystems are expected

to have lower species richness and a higher proportion of species with moderate to strong fidelities
compared to drainage marskhrub swampsHigure 1). Therefore, the FQA threshold for higher

floristic quality examples of draage marsh shrub swamp systems should be lower compared to bogs
and fens, as other studies have shown (Bourdaghs 2012; Figure 11). Two other sites, clasBdldd pre

as medium level fen systems, were determined in the field to be drainage stamghswamp systems.
Musquash Swamp had a Mean C (3.47) comparable to the average score (3.46) from the five mitigation
sites. Clay Pond had the highest EIA score (4.47) and the second highest Mean C (3.93) for the seven
drainage marshshrub swamp systemss@ | ed (i ncluding the five mitigat
(3.93) is likely near or above the threshold that separates kighéty drainage marshshrub swamp

systems from lowequality examples but below that same threshold for nutrient poor bogs

FQA interobserver variability at the Conway replicate site was notable (Mean C 3.22 vs. 4.11; FQI 28.6

vs. 34.9; Table 12). For the Mean C score of 4.11, 73 wetland species were documented; 78 species were
documented for the 3.22 Mean C score. Elevigh@® 78 species were recorded by both surveyors but one
surveyor considered them to be in upland habitat immediately adjacent to the wetland (so the 11 species
were not included in the wetland | i st dfioosr this sul
created a wide uplaindietland transition zone with a greater number of open, dry site species than

expected. Several species on the broad open spatiagpland banking crept into this transition zone.

Broad open banks do not naturally occuredgant t o most of the stateds wet
is a product of wetland creation. Both these factors, dry conditions and upland species from the bank
regularly occurring in the uplaindretland transition zone, made determining the exactitocaf the

wetland boundary (and which species to list in the wetland) more difficult. The 11 species documented by

one surveyor in the wetland but considered to be in the upland by the other surveyor had a Mean C score

of 1.0, notably lowering the overallean C score (3.22) measured by the first surveyor. Other reasons for

the scoring differences at Conway relate to different Mean C scores for species unique to each surveyor.

For the 3.22 Mean C score, the subset of unique species documented by sbevésgir had a Mean C

score of 3.4. For the 4.11 Mean C score, the equivalent subset Mean C score was 4.3. Even though
determining the wetland boundary at the Conway Mitigation Site was challenging in places, decreasing
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inter-observer variability is achieble by adding lessons learned from this study to existing sampling
protocols. For mitigation sites, additional consideration could be given to selectirdefieéd
(repeatable) sampling sites and other protocols needing extra attention, since th®magetgosition
and structure, hydrology, and physical features of a created wetland may not fit the expectations of
surveyors used to studying natural wetlands.

Table 12.FQA and vascular plant species data from the Conway Mitigation Site.

Surveyor 1] Surveyor 2
Conway Mitigation Site Data
Mean C 3.22 4.11
FQI 28.6 34.9
Total number of species 78 73
Mean C of 11 species documented by theurveyor as barely occurrir 1.0 --
in the wetland and that were noted by tAsRrveyor but considered tq
be inadjacent upland
No. of species only documented by one surveyor 12 18
Mean C for species only documented by single surveyor 3.4 4.3

Unlike FQA, the NHM, USA RAM, and EIA do not require a comprehensive list of vascular plant

species as part dii¢ assessment. For one surveyor at Conway Mitigation Site, the wetland condition

scores from NHM, USA RAM, and EIA were consistently higher compared to the other surveyor, in an
opposite direction relative t o c ologttadllhtegotw scor es f |
Function, the two surveyors recorded scores of 7.35 and 6.70 (maximum score for function = 10). The

di fference in surveyor scores for this function i
/ driveway / railroad crossimg. 6 The first surveyor noted one road
adjacent to the wetland (scoring 5 out of 10) while the second surveyor noted two roads (scoring 1 out of

10).

The first surveyor scored USA RAM 114 out of 144; the second gond®?2. The metrics with largest
scoring difference were Metric 2 (Buffer Mean Width) and 3 (Stressors in the Buffer Area). Out of a
maximum score of 12 for each metric, the first surveyor scored these 12 and 9, respectively. The scores
from the second sueyor were 6 and 3, respectively (a 12 point difference equal to the difference in
over all site score). For Buf fer Mean Widt h, t
infrequently used-4VD road along the wetlands east side; the seconeor included this as a dirt road
in the buffer. When assessing stressors in the 100 m buffer surrounding the wetland (Metric 3), the first
surveyor noted three stressors, each with a low severity code (code ranges from low, moderate, high). The
second srveyor documented 11 stressors (9 with a low severity code and two with a moderate code).

he f|

For EIA, the overall score was 3.92 for the first surveyor and 3.50 for the second surveyor (score

equi valent to an AAO0 g¢gr ad e betweeh thefiss)and sécond sueveyernc e s i |
that accounted for the difference in overall scores were Hydrologic Connectivity (4.75 vs. 4.00),
Hydroperiod (4.75 vs. 3.50), Physical Patch Type Diversity (4.40 vs. 3.70), Relative Cover of Native
Plant Species (4.78. 4.00), Vegetation Composition (4.75 vs. 3.50), and Vegetation Structure (4.40 vs.
3.70). Overall, the first observer graded thes
them ABO or AC. 0 The | ust i fforscarihgthese snetrics lowerrareb y t
summarized in Table 13. The variability in these differences can largely be eliminated with 1)
standardized protocols associated with features unique to created wetlands (such as form and location of
constructed micrdopography), 2) increased surveyor experience applying assessment methods at

e  m
he
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mitigation sites, and 3) completed evaluation and classification of impacted wetlands prior to their
destructionreducing variability by providing eeference standamlhen assessg metrics

Table 13.EIA metrics with significant scoring differences between two surveyors that evaluated the
Conway Mitigation Site.

EIA Metric Score of ' [ Scoreof 2“[Second Surveyorés Jus
Surveyor Surveyor
Hydrologic Conectivity 4.75 4.00 Gravel access roads likely alter lateral water
movement back to wetland.
Hydroperiod 4.75 3.50 Dominant vegetation and plant zonation somew

atypical for the inferred water level fluctuations
the wetland. The flood regime appearermediate
between what is typical for this system type and
sand plain basin marsh system (communities a
vegetation composition typical of latter system &
currently lacking).

Rel. Cover of Native Plant Spy 4.75 4.00 Cover estimated to be betwe@n and 99%.

Physical Patch Type Diversity 4.40 3.70 Created pit and mound mictopography in alder
shrubland not typical of naturally occurring
examples of this community type. The hydrolog
gradient is disrupted and entangled by the crea
Vegetation Composition 4.75 3.50 wet hollowssupporting emergent marsh species
embedded in the alder shrubland. Elsewhere in
wetland, dominant vegetation and plant zonatio
somewhat atypical for the inferred water level
Vegetation Structure 4.40 3.70 fluctuations. The flood regime appears intermeg
between what is typicabf this system type and t
sand plain basin marsh system (communities a
vegetation composition typical of latter system ¢
currently lacking).

EIl Abs use of syst tydassficatonsrpeovide suevéyorcwithmendaepar understanding

of a wetlandbés ecology and an increased ability t
in the five wetland mitigation sites are associated with the drainage nsmibswamp system. This

system occurs on fine mineral soils containing moderate to high organic content along the borders of

streams, rivers, ponds, and lakes. Water levels in drainage marshes are affected by adjacent water bodies.
The degree of water level fituations at all five mitigation sites appeared somewhat extreme for drainage

marsh- shrub swamp systems, based on the observed soil moisture gradient, soil texture, and plant

species distributions. These observations suggest the water regime may bbatamawe typical of sand

plain basin marsh systems.

Sand plain basin marshes are topogenous and groundwater influenced where vertical fluctuations

dominant (Sperduto and Nichols 2011). Productivity and growth are limited bgutwent conditions.

During drawdown periods, the small amount of organic matter that may be present decomposes rapidly.

As a result, organic matter accumulation is minimal. Four of the five mitigation sites were closed basins

with no or only intermittent surface water connectitire (wetland at Conway was adjacent to and

affected hydrologically by a lake). All five wetlands were created on coarse sandy deposits (e.g., sand pits

are associated with each site). These porous sandy soils, likely accounting for the degree of seasonal

water fluctuations at the mitigation sites, are similar to those normally found in sand plain basin marsh

systems (i.e., sand or gravelly sand with shallow muck or sandy muck surface horizons). Gale (2003)
states Ause of appr enpsuringasdil eondtians and mydrdlogy thatsemuateithbse ¢ a | [
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of reference wetlands. Sand, for instance, is often inappropriately used as substrate. Too much sand will
cause the wetland to be | eakier than a natural sy

From what was originally planted tite mitigation sites, a shift in species composition and/or cover likely
is occurring to some degree as species more adaptable to significant seasonal and annual water level
fluctuations and lownutrient conditions persist. Species that are predictestéablesh and/or increase in
cover, forming more well developed concentric zones, are listed in TakidHLMatural Heritage

Bureau, pers. comm. 2013)

Table 14.Vascular plant species that may establish and/or increase in cover at the five mitigagion sit

Shrubs Graminoids
Chamaedaphne calyculata.) Moench Carex echinataMurr.
Myrica galeL. Carex strictaLam.
Spiraea albaDu Roi var latifolia (Ait.) Dippel Cladium mariscoide@Muhl.) Torr.
Spiraea tomentosi. Cyperus dentatugorr.
Vaccinium nacrocarponAit. Dulichium arundinaceur(i_.) Britt.
Forbs Eleocharis acicularigL.) Roemer & J.A. Schultes
Bidens connatduhl. exWilld. Eleocharis flavescen®oir.) Urban
Bidens frondosé. Eleocharis obtus§Willd.) J.A. Schultes
Drosera intermediddayne Eleocharis palustrigL.) Roemer & J.A. Schultes
Erechtites hieraciifoliugL.) Raf.exDC. Eleocharis tenuigwilld.) J.A. Schultes
Euthamia graminifoligL.) Nultt. Glyceria borealigNash) Batchelder
Gratiola aureaPursh Glyceria canadensi@Michx.) Trin.
Hypericum borealéBritt.) Bickn. Juncus canadensiks GayexLaharpe
Lysimachia terrestrigL.) B.S.P. Juncus pelocarpui. Mey.
Rhexia virginical.. Schoenoplectus pungef\sahl) Palla
Triadenum virginicungL.) Raf. Schoenoplectus smitl{iray) Sojak
Symphyotrichum racemosuyll.) Nesom Scirpus cyperinufl.) Kunth
Viola lanceolata.. Panicum virgatuni..

In planted alder shrublands at Brentwood, Conway, and Peterborough, there exists a created pattern of
small, semipermanently floodg& hollows supporting emergent marsh species immediately adjacent to

al der hummocks . T-lopograpfydsmet typgical ofevbdabnataorallg acaurs in these

wetland types. Normally in marsh systems, up to four separate vegetation zones hutatisitong a

hydrology gradient, from seasonally saturated (to seasonally flooded) shrublands occurring adjacent to
swamps or upland forests, (seasonally saturated to) seasonally flooded meadow marshes, seasonally
flooded to sempermanently flooded emezgt marshes, and semérmanently to permanently flooded

aguatic beds. In the alder shrublands at these three sites, the hydrology gradient is disrupted and entangled
by the created wet hollows supportiggittaria latifoliaWilld., Schoenoplectus taberamontaniK.C.

Gmel.) PallaSparganium americanuidutt., Typha latifoliaL., and other emergent marsh species.

When applying FQA at mitigation sitese recommend that both intentionally and unintentionally

planted species that are native to the regigrsbldom to the wetland type (including any rare species

|l isted for the state) be considered introduced wi!
species at the mitigation sites, their current CoC values, and species status infdomatem

Hampshire.

Table 15.Rare mtive plantspeciesntroduced into the five mitigation sites. See Appendix 5 for an
explanation of state rarity status categories.
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Mitigation Species CoC |Status

Site

Brentwood |Juncus brachycephaly&ngelm.) Buch.* 6 |State Endangered

Conway Eutrochium fistulosur(Barratt) E.E. Lamont*| 5 |State Endangered
Hypericum ascyroh.* 7 |State Endangered
Penstemon digitalidlutt. exSims 2 |Indeterminate
Scirpus pendulusiuhl.* 5 |State Endangered

Hillsboro

Loudon

Peterborough---

*Listed in the ARare Plant List for New Hampshire:q

Several nomative plant species were introduced into the five mitigation sites as well. Table 16 lists these
species and provides their status in New Hampshire.dt@mmmended more care be given to minimize

or prevent the introduction of narative species into wetland mitigation sites.

Table 16.Non-native plant species introduced into the five mitigation sites.

Mitigation Species Status
Site
Brentwood |Alnus glutirosa(L.) Gaertn. Invasive*
Lythrum salicarial.*** Invasive*
Salix purpured..
Strophostyles helvold..) EIl. State Record**
Viburnum opulug..
Conway Chamaecrista fasciculat@Michx.) Greene
Larix deciduaP. Mill.
Lotus corniculatug..
Lythrum salicarial.*** Invasive*
Monarda fistulosd..
Potentilla intermedia L.
Rhus aromaticait. State record**
Trifolium aureumPollich
Vicia craccal.
Hillsboro Bidens polylepi8lake State record**
Helenium autumnalk. State reca**
Lonicera morrowiiGray*** Invasive*
Lythrum salicarialL.*** Invasive*
Solanum dulcamarh.*** Invasive*
Loudon Frangula alnusP. Mill.*** Invasive*
Lotus corniculatug..
Lythrum salicarialL.*** Invasive*
PeterboroughLythrum salicarial.** * Invasive*

*Listed as invasive in New England by IPANE (2013).

**State record
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***May have originated from nearby habitat.

Mean C had a relatively strong correlation with the EIA, USA RAM, and NHM methdds QRrR18, 0.42,

and 0.37, resmtively; Table 9). A weaker relationship was observed between FQI and EIA, USA RAM,
and NHM (R = 0.18, 0.19, and 0.07 respectively). Other studies (Francis et al. 2000) suggest Mean C
may be a better predictor of floristic quality compared to FQI whessaggy similar wetland types (as is

the case in this study). FQI scores are influenced by species richness (Andreas et al. 2004; Miller and
Wardrop 2006; Taft et al. 1997). For example, a wetland with a low Mean C but high species richness
may have a highid=QI than a wetland with a higher Mean C but a lower number of species. Some studies
have shown FQI may be best applied to comparing sites with large numbers of species with those
supporting small numbers (Haering and Galbraith 2010).

As expected at th@2 sites, a comparison of Landscape development indices (LDI)from different time
periods (Figure 1) showed a trend toward increased land use around the wetlands from the 1990s (pre
2001) to 2010. Coefficient values used in both indices are based on doedimnepacts of different land

uses on wetland condition (Hauer et al. 2002), but different numbers of categories used 2@ pre

vs. 2010 analyses may further contribute to differences between the two indices. LDIs do not precisely
measure wetland stggn condition but they have been shown to be strongly correlated with floristic

metrics (Cohen et al. 2004; Mack 2006). Whereas Mean C was moderately correlated in this study with
LDI (R? = 0.28), neither of the weighted versions of FQA (Mean Cw and F®ér significantly

correlated. Poling et al. (2003) and Bourdaghs et al. (2006) have showveigiied FQA indices
outperformed weighted indices with between site comparisons. Other studies (Cohen et al. 2004; Rooney
and Rogers 2002) suggest that weightlhin C may be better applied to comparisons of unrelated

wetland systems of various sizes. Based on these relationships, coupled with the additional resources
required to assess each s p-absénesdaateach site,gstoac mpar e d
weighted Mean C may be most applicable for comparing similar system types.

Accurate interpretation of FQA scores for a given wetland requires identification of the system involved
and studies to determine what threshold values apply to that syst®limnesota, Bourdaghs (2012)
analyzed FQA scores in 14 wetland systems using relevé data from both relatively undisturbed wetlands
and those determined to be severely impacted (i.e., strong evidence of both the former type and severe
anthropogenic impas present). They compared average FQA scores among system types and showed
significantly different scores for different types (Figure 11). In this study, weighted Mean C was chosen
as the primary FQA assessment metric because it was more responsive#m@ M wetland systems

with a significant cover of nenative invasive species (Michael Bourdaghs, Minnesota Pollution Control
Agency, pers. comm. 2013). These data indicate that it is essential to classify wetland systems when
interpreting FQA resultsBourdaghs 2012).
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Figure 11.Weighted Mean C (wC) box and whisker distribution plots from all system types in
Minnesota. Blue plots = preettlement and minimally impacted examples; red plots = severely impacted
examples. Arranged from left to right acdimg to increasing median wC scores for the pre
settlement/minimally impacted plots (from Bourdaghs 2012).

In our study, even though sample size was small, the average Mean C scores for relatively undisturbed
examples (EIA rank of A or B) of the four seyed system types followed the same pattern (Table 17;
Figure 12) as seen in Minnesota (Figure 11).

Table 17.Average Mean C scores for relatively undisturbed examples (EIA rank of A or B) of the four
system types surveyed in our study.

Mean C by SystemType
System Type Mean C Sampled
Drainage marshshrub swamp systen 3.70 2
Medium level fen system 4.63 7
Poor level fen/bog system 4.86 9
Kettle hole bog system 5.29 9
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Figure 12.Boxplot of Mean C scores by system type for relatively undisturkachgles (EIA rank of A

or B) in our study. Depicts median, quartiles, minimum, and maximum33M: drainage marstshrub
swamp system (n = 2); MLF = medium level fen system (n = 7); PLF = poor level fen/bog system (n = 9);
KHB = kettle hole bog system &9).

Additional research would clarify FQA floristic quality thresholds among different wetland system types
in the Northeast. Other potential FQA research topics include understanding which indices best predict
condition given differences in disturbaneestland size, and sampling approach.

Comparison of Strengths and Weaknesses

Given the diversity of goals possible for wetlands assessments, no one method can be considered to be
superior to others. The choice of method for a particular situation wdrdeon the overall goal, the

resources available, and the expected uses of the results. The combination of field application and
literature research conducted for this study allows a detailed comparison of the strengths and weaknesses
of the four rapid asessment methods used (Table 18). These results can be used to assist users in
selecting an appropriate method given their particular goals and constraints.
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Table 18.Comparison of selected wetland assessment methods (some information from Langeald @80&).

METHOD
Feature NHM USA RAM (modified) EIA FQA
Reference Stone and Mitchell 2011 Environmental Protection Agency 2011; New Hampshire | Nichols and Fabetangendoen 2012 Bried et al. 2012
Department of Environmental Services 2012
Protocol andField Based Comparisons
Purpose Function: Condition: Condition: Condition:
Estimate individual ecological functions (and societal valug Est i mat e wetl anddés overal l|Esti mate wetlandods overall|Esti mat e overadledolagrcal iatsgrity
Application Non-tidal wetlands Tidal & nontidal wetland systems Tidal & nontidal wetland systems All wetland and upland systems
Usage Informing local land use decisions Informing local land use decisions Informing local land use decisions Informing local land use decisions
Identifying potential restoration sites Identifying potenial restoration sites Identifying potential restoration sites Identifying potential restoration sites
Providing bais for more thorough field assessments Monitor changes at restoration and mitigation sites Monitoring changes at restoration and mitigation sites Monitoring changes at restoration and mitigation sites
Developing performance standards and mitigation criteria | Developing performance standards and mitigation criteria | Developing performance standards and mitigation criteria | Developing perfanance standards and mitigation criteria
Identifying high quality wetlands Identifying high quality wetlands Identifying high quality wetlands Identifying high quality wetlands
Evaluating a wetlandds f un| Longterm statusand trend monitoring Long term status and trend monitoring Long term status and trend monitoring
Education Field surveys for threatened and endaed plant species Field surveys for threatened and endangered plant specie
Field surveys for exemplary natural communities and syst¢
(Natural Heritage sites)
Approach Compartmental Holistic: Holistic: Botanical
Multiple functions assessed individually Ecologc a | integrity = fAintegr|Ecological integrity = i n|Fidelity of plant species to specific habitats and condition g

habitat

Features evaluated

12 Functions:

+ Ecological Integrity

+ WetlandDependent Wildlife Habitat
+ Fish & Aquatic Life Habitat

+ Scenic Quality

¢ Educational Potential

¢+ WetlandBased Recreation

+ Flood Storage

+ Groundwater Recharge

¢ Sediment Trapping

+ Nutrient TrappingRetentionTransformation
+ Shoreline Anchoring

+ Noteworthiness

4 Major Attributes of Ecological Integrity:
+ Buffer

+ Hydrology

+ Biological Structure

+ Physical Structure

5 Major Attributes of Ecological Integrity:
+ Landscape Context

+ Hydrology

+ Vegetation

+ Soll

¢ Size

Floristic Quality:
# Spedes richness and specispecific coefficients of
conservatism

Use of wetland classification

Identifies NWI class types in the wetland and counts them

Identifies NWI class types in the wetland and counts them

Identifies system and natural community clisation and
uses them to inform stressors and metric assessment and
biodiversity value (rarity) of the wetland

Not directly used but more interpretable when indices
compared between similar systems

Use of stressors

Evaluates stressors known to negativelpact biological
based functions (i.e., Ecological Integrity, Wetldbependent
Wildlife Habitat, and Fish & Aquatic Life Habitat)

For a given function, stressor scores rolled up with other
scores to determine individual function score

Evaluate stresssiknown to negatively impact condition

Stressor and condition metric scores rolled up to determing
overall wetland condition score

Evaluate stressors known to negatively impact condition

Stressor scores are used to inform assessment of metrics
tohd p interpret a wetland s
rolled into the overall score

EIA Stressor Checklist may be utilized to evaluate whethe
wetland system is a candidate for restoration

Not used

Assessment area

Contiguous wetland complex (atthgh not formerly
classified, wetland may support more than one system)

Single wetland unit if <20 ha; a larger wetland requires at |
a second assessment area (although not formerly classifig]

Single wetland syste regardless of size (following Sperdutg
2011)

assessment area typically one system)

Usually a single wetland unit (although not formerly
classified, assessment area typically one system)

42

NH Natural Heritage Bureau



METHOD

Feature NHM USA RAM (modified) EIA FQA
Buffer evaluated: width 0i 152 m (G500 ft.) 0i 100 m 0i100 m None
from wetl and?® 100/250 m
2501500 m
Assessing wildlife value Four of the 12 functions address wildlife either directly or | Several of the 12 primary metrics indirectly addrevildlife Land Use Index metric evaluates landscape connectivity f¢ Indirectly measures the condition of wildlife habitat in and
indirectly: Ecological Integrity, WetlanBependent Wildlife | habitat: buffers and stressors, patch types/physical structuf wi | d1 i fe out to 500 m f r om aroundthe wetland system; wetlands with higher Mean C

Habitat, Fish & Aquatic Life Habitat, and
Noteworthiness

plant community complexity, and stressors to water qualityf

Stressors Chetikt considers the extent and scope of stress
that could affect wildlife in and around the system

Classifying assessment area to system type allows the usé
directly identify key wildlife habitat types and wildlife specig
of conservation concern

scores are more likely to support better habitat for native
wildlife species compared to wetlands with lower Mean C
scores

Current regulatory
decisions / permit review

Recommended by NH DES for Prime Wetlands designatio
since 1991 (EmWt 700; see Discussion for more
information)

NH DES considers impacts to exemplary natural communi
and systems per RSA 2Vin regulatory review; exemplar
status for wetlands is now based on an EIA analysis

Potential use in regulatory
process

Identifying candidate wetlands for restoration due to low
functional scores that resulted from human causes

Use by permittees to r Ens\Wto
302.04 (i.e., potential impact of the proposed project on thg
values and functions of the wetland)

Could be used to inform permitting, mitigation, and prime
wetland designation (see Discussion for more information)

Could be used to inform permittingnitigation, and prime
wetland designation (see Discussion for more information)

Could be used to inform permitting, mitigation, and prime
wetland designation (see Discussion for more information)

Existing data required

+ GIS software and readily availebdata layers

+ Alternatively, uses the welbased GIS tool designed for
NHM (NH Wetlands Mapper)

+ An information request to NHB on known rare species ar|
exemplary natural communities

+ FEMA Flood Insurance Rate map (available online)

¢ Stratified driftaquifer data from DES or Society for the
Protection of NH Forests (available online)

¢ Soil survey data to interpret soil relevant characteristics
soils in and surrounding wetland

+ Wetland gradient determination using DRG Topographic
Map, Google EarthTerrain Navigator, (or ground survey)

¢ Local or region conservation plans

¢Hi storical/ Archaeol ogi cal
historic resources or contacting the state archaeological
office

+ Information from NH Rivers Management & Protection
Programor from the National Wild & Scenic Rivers
Program on State Designated Rivers and Federally
Designated Wild & Scenic Rivers (available online)

+ Wildlife Action Plan for information regarding critical

wildlife habitats and highestanked habitats

+ GIS sdtware and readily available data layers

+ GIS software and readily available data layers
+ System and natural community classification (Sperduto
2011; Sperduto and Nichols 2011; available online)

+ Readily available mapped data (i.e., aerials, NWI, and
conservation lands)

¢ Table of CoC values for NH developed in 2011;may nee
updates/additions (available online)
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METHOD

Feature

NHM

USA RAM (modified)

EIA

FOQA

Field data gathered

Assessment of fiebased questions associated with 10 of 1
functions:

+ Ecological Integrity

+ WetlandDependent WildlifeHabitat

¢ Fish & Aquatic Life Habitat

¢ Scenic Quality

¢ Educational Potential

+ WetlandBased Recreation

+ Sediment Trapping

+ Nutrient TrappingRetentionTransformation
¢ Shoreline Anchoring

+ Noteworthiness

Field check important in establishing atiand evaluation uni

Assessment of fiebased stressor and condition metrics:
+ Metric 3: Stress to the Buffer Zone

+ Metric 4: Topographic Complexity

¢ Metric 5: Patch Mosaic Complexity

+ Metric 6: Vertical Complexity

+ Metric 7: Plant Community Comptéy

+ Metric 8: Stressors to Water Quality

+ Metric 9: Alterations to Hydroperiod

+ Metric 10: Habitat / Substrate Alterations

+ Metric 11: Percent Cover of Invasive Species
+ Metric 12: Vegetative Disturbance

Assessment of fielthased condition metrics:
¢ Vegetation Structure

+ Relative Cover of Native Species
+ Cover of Invasive Plant Species
¢ Vegetation Regeneration

¢ Vegetation Composition

+ Water Source

+ Hydroperiod

+ Hydrologic Connectivity

+ Soil Condition

+ Physical Patch Type Diversity

¢ Size @Wndition

Stressor Checklist ground truthed
Land Use Index map ground truthed (as needed)
System and natural communities assessed

Diagnostic list of vascular plant species completed for eac
natural community type present in system

A fairly thorough lig of vascular plant species, completed b
surveying each natural community type present in the syst

In addition, for weighted FQA indices, percent cover of ead
vascular plant species in the system

Average estimated time to
complete evaluations (office
and field time combined for
32 sites)

8+ hours

7 hours

8 hours

6 hours

Estimated time breakdown

for 32 sites:
Preparation/research
Field data collection
Data entry and analysis

3+ hrs.
2 hrs.
3+ hrs.

2 hrs.
2 hrs.
3 hrs.

2 hrs.
2 hrs.
4 hrs.

2 hrs.
2 hrs.
2 hrs.

Minimum expertise
required

Good skills interpreting maps for desktop evaluation;
background in wetland ecology not required, but good field
experience extremely useful

Professional wetland scientist with skill identifying pia
species, natural features, and vegetation classes

Professional wetland scientist with competent botany and
plant community ecology skills and knowledge

Professional wetland scientist with competent botany skillg
and some plant community ecology knovged

Numeric score produced

Numeric index (D10) for each of 12 functions

Numeric index (0144)

Numeric index (15) with associated ranks ()

Mean C: numeric index (Q0)

FQI: numeric index, undefined upper bound

Estimated inter-observer
variability

Moderate

Low-Moderate

Low-Moderate

Low

Other Comparisons

Strengths Diverse list of function indicators including several with Condition indicators combined for an overall score Condition indicators combined for an overall score Overall score produced
societal value
Relatively easy to use Indicators weighted based on their importance Most rapid and straightforward to use (if surveyor has
Wetland functions with high scores may identify valuable competent skills in botany and some plant community ecol
features, regardless of overall wetland condition Identifies occurrences of threatened and endangered plan{ knowledge
species and exemplary naturafrsaunities and systems
Identifies occurrences of threatened and endaagalant
Identifying the wetland system and natural communities bg species
on a published classification (Sperduto 2011; Sperduto an
Nichols 2011) i mproves EI A
condition and makes further analyses possible (e.g.,
compaisons to reference sites or to the Wildlife Action Pla
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METHOD

Feature NHM USA RAM (modified) EIA FQA
Potential limitations Extensive officebased research requires enough additional Requires surveyor with skill identifying dominant plant Requires surveyor with competent botany and plant Requires sweyor with competent botany skills and some
ti me that the met hod may nj| species communty ecology skills and knowledge plant community ecology knowledge
assessment 0
Does not utilize a vegetation classification: sensitivity of Stressor checklist does not directly affect the final conditio] Requires a weljustified Coefficient of Conservatism value
Overall score not produced several metrics to diffences in condition would improve if | score (informs completion of condition metrics) for all plant species identified
they were more specific to wetland type
Some functions are evaluat Physical patch type metric can be challenging to evaluate | Requires regional evaluation to define vegetation quality

in performing them, irrespective of whether or not it is doin
so

More clarity and consistency needed in descriptions and
questions between field hardcopy data forms, digital
scorecard, and manual; in manual, more clarity needed
between stated questionsicliground information associateq
with questions, and inform
answer the questiono

Does not utilize a vegetation classification: adding metrics
dominant plant species and community structure would
improve the ability of the évlogical Integrity Function to
assess condition

Limited assessment of Ecological Integrity (condition)

The use of some metric stressors may not be appropriate
condition assessments; other stressors may be insensitive)
condition measure

Stressor assessment does not sepatststressor scope from
extent; doing so may reduce intglsserver variability

Does not use wetland size as one of the major ecological
attributes evaluated

Does not evaluate functions / services

Does not evaluate functions / services

thresholds by referenciregstablished wetland condition
gradients by wetland system type

FQI scores influenced by species richness; a wetland with
low mean C but high species richness may have a higher

than a wetland with a higher mean C but a lower number g
species

Not intended to be a staradone indicator; should be used
with other condition metrics

Does not evaluate functions / services
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Appendix 1. Questionnaires for Surveyors.

Each surveyor will complete the following:
1. Method assessment after each survey (specific to combination of obseteddatesite).

2. Comparison oflte methods after field season.
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1. METHOD ASSESSMENT AFTER EACH SURVEY (SPECIFIC TO COMBINATION OF
OBSERVER-METHOD -DATE-SITE):

A. General information

Date: Method: NHM USARAM EIA FOA
Observer(s): Start Time:
Wetland Site: End Time:

B. Scoreeach on the scale indicated based on your experieidayat this wetland(the score you
give for this wetland may or may not be the same score you give to other wetlands during your
surveys as you gain experience):

Todayat this wetland® Score | Please Coment

Were the instructions 1i Clear to 5 Ambiguous
generallyé

Was making decisions | 1i Easy to make to
(how to scolgpeyn

If another similarly 1i Very similar to yours to
qualified observer did th
same survey, would thei
scoring |ik

5i Very different

Were there any aspects of the method applied that need
clarification to ensure its consistent application?

C. List any specific limitations or sources of error in the data you collected at this site

How many plant species with a cowd#r5% or more were difficult to identify:

What percent of the wetland (entire system as mapped) was observed? Note: Only include distant observations if
able to assess condition for those distant areas.

Is there a portion of the wetland fauffer that could not be fieldhecked/observed and where its condition remained
unknown even after reviewing aerial imagery? To what degree does this portion of the wetland or buffer have the
to change the conclusions of the survey if it HADrbeisited?

List any ecological features of the wetland (potential metrics) relevant to wetland condition or functions that were n
captured by this assessment:

Note any timeconsuming activities that in your judgment did not add much to the ogerdlbf assessing the condition ¢
functions of the wetland:

Other comments:
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2. COMPARISON OF THE METHODS AFTER FIELD SEASON:

A. General information

Surveyor:

Date Form Completed:

B. Total wetland sites surveyed (by Method)

Assessment Method | # Sites Comments
Surveyed

NHM

USA RAM

EIA

FQI

C. Ease of use for field survey$Vere the methods you used particularly easy or difficult to apply under
certain settings/circumstances? Specify what setting/circumstance, e.g., if a method was particularly
difficult for large wetlands, add "large" to tpecific Setting or Circumstancecolumn. For each
method, complete additional rows for separate sites as needed:

USA RAM

Ease of Use:

Survey Site Name Specific Setting or Circumstance liEasyto 5
Difficu It

Site:

Site:

Site:

Site:

Site:

NHM

Ease of Use:

Survey Site Name Specific Setting or Circumstance liEasyto 5
Difficult

Site:

Site:

Site:

Site:

Site:
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EIA

Ease of Use:

Survey Site Name Specific Setting or Circumstane liEasyto 5
Difficult

Site:

Site:

Site:

Site:

Site:

FQA

Ease of Use:

Survey Site Name Specific Setting or Circumstance liEasyto 5
Difficult

Site:

Site:

Site:

Site:

Site:

D. Based on your experiergcconducting field surveys, please provide any other comments comparing
the different methods you used

Method Comments
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Appendix 2. Successful Mitigation.
The following is from Gale (2003):

Measures of Success

Scientists agree thaticcessful mitigation is determined by the ability of a created or restored wetland to
provide the biological, hydrological, and biogeochemical functions of the original wetland or a natural
reference wetland (Erwin 1990a; Erwin 1990b; Kusler and Kenf88;IMitsch and Gosselink 2000;

Institute for Water Resources 1994). The following characteristics can be used to judge success based on
comparison to the emulated system:

e Landscape position and contour design emulating that of the affected wetlarftbsen c
reference system. Successful wetland creation or restoration is often determined by such basic
structural considerations (Erwin 1990a).

e A self-perpetuating hydroperiod similar to that of the emulated wetland. The major determinant
of success is theresence of a sefferpetuating oscillating hydrologic regime in the created or
restored wetland (Niering 1990).Achieving a gedfpetuating hydroperiod in a created system
requires an understanding of the geohydrology which causes the reduced coimditioict
wetland species thrive (D'Avanzo 1990).An appropriate regime should generate conditions such
as those described in the 1987 Corps Delineation Manual (US ACOE 1987). Colonization by
wetland plants and use of the system by wetland fauna are gilasgdns of an appropriate
hydroperiod.

e Successful colonization and dominance of wetland plant species similar to the emulated wetland.
Vegetation characteristics that can be measured include ‘ahohaboveground biomass, plant
density, and number oéproductive stalks. Metrics of success can vary. The Corps requires that
80 percent of a created marsh area be covered with grasses after three years (Erwin 1990b). The
state of Massachusetts requires that a created wetland have a 75% cover of indigenous
hydrophytes within two growing seasons (Jarman et al. 1991 c@mupetition by upland
species, decreasing diversity, invasion of exotic species, or lack of vegetative colonization may be
indicators of the need to alter the design of the system or perédestise maintenance, or of
system failure.

e Chemical and physical properties characteristic of wetlands soils and similar to the emulated
wetland. The 1987 Corps Delineation Manual (US ACOE 1987) can be used as a guideline to
determine whether the soils the constructed or restored area display wetland characteristics.
Nitrogen, phosphorus, and organic matter levels and primary productivity should increase with
the age of the created site. Nitrogen and phosphorus should reach reference wetland
concentrabns in 15- 30 years (D'Avanzo 1990; Craft et al. 1988).

o Diversity, density, and biomass of animal species similar to the emulated wetland. Monitoring for
certain indicator species is a common method used to evaluate this characteristic (Weller 1990;
Croonquist and Brooks 1991). Use of a wetland habitat value model, habitat assessment
procedure, or diversity index is a method recommended by the Corps to determine similarities
between the created or restored system and a natural wetland (Institute foR@#migrces
1994). An assessment of how biotic communities develop and interact both within the
created/restored wetland and between it and the surrounding landscape is more indicative of
success than is an assessment of individual indicator species.

All of the above criteria for success are interdependent; a failure in one, particularly hydroperiod, can lead
to a failure in others over time. It can be seen from the bullets above that the essential, requisite
conditions used to identify a natural wetlgagpropriate hydrology, hydrophytes, and hydric soils) can

also be used to determine whether the created/restored area functions as a wetland. External forces other
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than hydrologic factors can bear on the success of a mitigation project. If water qustligam is poor

or incoming runoff or ground water movement is polluted, particularly with toxic compounés, pre

treatment of these sources may be necessary for successful establishment of a mitigation wetland. Upland
buffers (see Al mpfo%uongeshbheulLi Meti babdond bel ow)
structural and management best management practices (BMPs), in the contributing watershed protect the
wetland and facilitate its establishment. Many wetldegendent animal species requiptand habitat

adjacent to wetlands for part of their life cycle as well. Upland buffers can thus facilitate development of

a more diverse wetland ecosystem.

Common Mitigation Pitfalls
Some of the most common immediate reasons for mitigation/restoedfibots to fall short of success or
to be set back include:
e Inability to accurately estimate or lack of awareness of the following site features during
planning:
hydroperiod
water depth
water supply
substrate
nutrient levels
o toxic compounds
e Technical aspats of design are unsound
e The project is not constructed as planned
e Contingencies not adequately dealt with:
0 exotic species invasion
o grazing of plantings
o catastrophic events (floods, storms, droughts)
o human impacts (mowing, ditching, effad vehicles ety
Insufficient follow-through:
o inadequate monitoring
o maintenance is ignored
(Kusler and Kentula 1990; Mitsch and Gosselink 2000; McKinstry and Anderson 1994)

O O O o o

Improving the Likelihood of Successful Mitigation

Permitrelated failure of mitigation projesttan be reduced by incorporating the following requirements

into a regulatory program (Josselyn et al. 1990):

¢ Permit applicants should provide a sufficiently thorough habitat evaluation of the impact site
prior to destruction to allow useful subsequeasthparison of the mitigation wetland. Evaluation
level of detail should be flexible and predicated on system complexity and difficulty of
replacement as determined by initial site surveillance. Evaluations should address the following:
o landscape positioma landscapeelated functions

topographic information

soils assessment

surficial geology

vegetation

fixed point panoramic photographs

rainfall and water level data

wildlife utilization

fish and macroinvertebrate data (Erwin 1990b)

O OO OO0 O0OO0o0Oo
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The permit applicatiomust include design objectives, detailed design drawings, and targeted functions
and values.

Use of appropriate substrate is critical in ensuring soil conditions and hydrology that emulate those of
reference wetlands. Sand, for instance, is often ingpitely used as substrate. Too much sand will

cause the wetland to be leakier than a natural system. Lower organic matter, and as a result, lower soil
nitrogen and phosphorus levels, than in a natural system are common (D'Avanzo 1990). Applicants
should l2 encouraged or required to transfer organic or other surface substrate from affected wetlands to
mitigation sites. If organic material from a site other than the wetland affected by the permitted activity is
to be used for substrate, the applicant shbeldequired to identify the source of material and apparent
floristic composition. Adequate soil rooting volume above hardpan is important for successful restoration
of forested wetlands (Clewell 1990).

Applicants should be required to provide a managempegram and longerm maintenance provisions

for created wetlands, including a maintenance schedule for eradication of undesirable species; a schedule
for and content of reporting; identification of a monitoring and maintenance contractor; identifafatio

the responsible entity for mitigation areas; contingency plans should mitigation fail; demonstration of
responsible entity's financial capability; details on performance bonds or other financial instruments if
appropriate; an instrument establishirgreowners associations' or other responsible entity's obligations;
and necessary zoning protection steps. Permits should in turn formalize all such information.

The mitigation site should be constructed prior to or concurrently with the permitted poajedtice
noncompliance and to facilitate use in the created wetland of materials from the wetland affected by the
permitted development activity.

Maintenance activity, largely removal of undesirable vegetation, on a frequent basis following
constructdbn, and less often as desirable species become established, is essential for achieving the desired
ecological communities within a reasonable time frame.

The developer should conduct pastation monitoring assessments once construction is completad, on
more frequent basis initially, then at larger regular intervals (at least annually) for a number of years
(typically 5 to 15), depending on the system type, to document progress or the need for remedial action.
Mitigation sites frequently require buffag from adjacent human activities and sometimes from

herbivores (Clewell 1990). Mitigation design should include buffering elements suited to adjacent land
use activities. Such elements include a simple setback distance of vegetated area; a buifgtrekshr
plantings on the perimeter of the wetland or setback area; informational signs at intervals around wetland
perimeter; and fencing. Issued permits should include, as applicable, conditions to inform future lot
owners of restrictions, such as requients for deed restrictions on adjacent development lots or lots
extending into mitigation areas; full notification to potential purchasers; and transfer of responsibilities to
subsequent owners.

Successful establishment of a wetland takes time. Thogl@nce with permit conditions typically

requires longerm monitoring. Natural wetlands have evolved over tens, hundreds, or thousands of years.
While longterm trends in the structural establishment of herbaceous wetlands may become apparent
within as Ittle as two to three years, it may take 15 years for a carefully created forested wetland to begin
to achieve canopy closure, and to begin to look and function like a natural forested system, and decades
before it approximates the structure and functibtihe habitat that it was intended to duplicate (Craft et

al. 1988; D'Avanzo 1990).
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Appendix 3. Ecological Performance Standards and Ecological Integrity.
The following is slightly modified from Fabetangendoen et al. (2008):

There is a growing consarson the performance requirements needed for mitigated wetlands (National

Research Council 2001; Environmental Law Institute 2004). Our suggested performance standards build

on the following recommendations (adapted from National Research Council 2001):

1. Mitigation goals are set in the context of a wat
Approach, 06 where this topic is addressed.

2. Impacted sites and mitigated sites are evaluated using the same ecological assessment tools.
Ecological Integrity Assessent methods provide a general framework for addressing the range of
conditions of ecosystems. The same metrics that are used to address condition for mitigation sites are
part of general assessments of the condition of ecosystems elsewhere. For exarades tmany
rapid assessment methods that rely on the same kinds of metrics needed for mitigation (e.g., Mack et
al . 2004 ; Sutul a et al . 2006) . Nat ureServeobds met
described in this report, is also based iamilar metrics. Thus measures of ecological performance are
becoming more widely available for a variety of ecological systems

3. Mitigation projects evaluate the full range of ecological integrity and ecological attributes relevant to
functions. Ecologicalrtegrity assessments (EIAs) address the major attributes relevant to assessing
ecological functions of ecological systems, including vegetation, hydrology, soils (physicochemistry),
landscape context and size. The EIA approach does not make expliciestaters about Af unct
that a wetland performs; however, it does implicitly assume that a wetland with high ecological
integrity is performing all the expected functions for the HGM class in which it is found (Figure 13).

4. Mitigation goals are clearly stateso that the desired range of ecological integrity and function are
specified. Structure, composition and function are all relevant to the goals. Ecological integrity
assessments are based on clearly stated metrics and ratings that assess the fudaaloggcal
integrity and function. In so far as mitigation goals require clarity on these aspects of mitigation, they
can be addressed by using EIAs.

5. Assessing wetland function is based on a scidased, rapid assessment procedure that incorporates
atleast the following characteristics:

a. Effectively assess goals of wetland mitigation projects.
b. Assess all recognized functions.

c. Incorporate effects of the position in the landscape.

d

Reliably indicate important wetland processes or scientifically establishedural surrogates of
these processes.

Scale the assessment to results from reference sites.

o

f. Sensitivity to changes in performance over a dynamic range (i.e., the metric is sensitive enough to
show a range of responses to a stressor, not just a pass/fa

g. Integrate over space and time (i.e., the metric should be useful across the spatial range of a type
and be useful for monitoring over time).

h. Generate parametric and dimensioned units, rather than nonparametric ranks, in order to allow for
greater rigoin statistical testing.
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The EIA approach outlined here incorporates all of these characteristics. In particular, characteristic

Afad i s summarized in AOQutline of the Mitigation
under development, but s¥ence sites are in the process of being compiled and tested for these

metrics. Characteristics f, g, and h depend in part on the level of assessment (1, 2, or 3) chosen. Level

2 metrics do not perform as well for characteris

The ecological integrt y assessment approach addresses the goa
creation, enhancement, and in exceptional cases, preservation of other wetlands, as compensation for

i mpacts to natural wetl andso (tNaidds standatdizel measuees c h  C
to assess wetland integrity and function at both the impacted and mitigated site. Our methods are

developed in a general and comprehensive way. They point toward the kinds of applications that are

needed for mitigation. Fute studies are needed to advance these methods and test them on a variety of
wetland mitigation sites.

We rely on three major tools to address these recommendations. First, the overall watershed approach
noted in #1 above has been addressed earliefi(Bdet hods f or a Watershed Appr
standardized classifications of ecosystem types, including descriptions of diagnostic or distinguishing
characteristics. These classifications provide important guidance on recommendatighab#/e by

ensuring that mitigated sites are as equivalent to impacted sites both in terms of the type of wetland being
mitigated and its condition. We emphasize the formation and formation subclass levels of the NVC, the
Ecological Systems of NatureServe and the H&&dses (Brinson 1993; Smith et al. 1995).

Classifications also provide a ready means of understanding what the expected range of integrity and
functions might be. For example, when a site has been identified as having a baldtoy@ies®rest

type within a riverine context, it provides important guidance on what the range of integrity and

functional values are, and what the desired range might be for mitigation.

Third, we assess wetland composition, structure and function using an ecologicaliatgrisment
approach based on reference conditions and natural and historic ranges of variation. Measures of
ecological integrity provide the needed tools to address wetland functions identified in #5 above, coupled
with recommendations #24. Identifyingcriteria (metrics) that describe the major ecological attributes

will ensure that the basic components of wetland pattern and process are covered (Figure 13).

( . . )
Ecological Integrity
. . . \
Biogeochemical Cycling Hydrology Biological Diversity
Nitrogen Cycling Hydrologic Connectivity Vegetation Diversity
Nitrogen Flood Cr\mlaereg:t;e;:ic_::ic
Removal Control Cofﬂmunity
\. J

Figure 13.A schematic illustration of ecological integrity as the integrating function danas,

encompassing both ecosystem structure and processes. Integrity includes processes such as hydrology and
hydrologic connectivity that address functions such as flood control (from Fennessey et al. 2007; based

on Smith et al. 1995).

Wetland Classification and Performance Standards
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The success of developing indicators of wetland ecological integrity depends on an understanding of the
structure, composition and processes that govern the wide variety of wetland systems. Ecological
classifications can breelpful tools in categorizing this variety. These classifications help wetland

managers to better cope with natural variability within and among types so that differences between
occurrences with good integrity and poor integrity can be more clearlynigedg Classifications are

also i mportant in establishing fAecol ogi cal equi val
replaced with a mitigated salt marsh with equivalent or better integrity.

Outline of the Mitigation Application

The objectivda n setting performance standards and in conodo
sufficient data to answer the hypothesis: has the mitigation wetland met the performance goal within the
monitoring periodo ( Mack ethepafbrmance 6téandajds developedfort | i n e
mitigation include a broad range of structural and functional measures, including hydrology, vegetation

and soils, and rely on reference wetlands as a model for the dynamics of created or restored sites. We
introdue, by way of example, some ways in which ecological integrity assessments can be used to set
ecological performance standards. Other aspects of performance standards, such as site preparation, are

not addressed.

Table 19 summarizes a series of performastardards for wetland mitigation developed for Ohio (Mack

et al. 2004). It also includes a list of Level 2 (rapid fielised) and Level 3 (intensive figbdised)

metrics from the EIA approach developed in this study that are relevant to measuringsppoghese
performance standards. Thus the metrics developed for this EIA methodology cover many of the
performance standards needed for mitigation. It may not be necessary to measure all metrics, but metrics
should be chosen that span the range of maplpgical attributes.

Table 20 illustrates how field values and thresholds for these EIA metrics can be used to track the
progress of a mitigated site. The table is incomplete and provides a few examples only. There can be
substantial challenges in achiiey benchmarks for certain metrics in certain wetlands. Figure 14 shows

how mitigation of vegetation structure for swamp forests in Ohio may requireta 100year

monitoring window (see Mack et al. 2004; Klimas et al. 2006). However, many forestenh{laod

hardwood) wetlands in Arkansas and across the Lower Mississippi Valley may develop structural features
more quickly than in Ohio. Thus, where studies fr
devel op, 100 t r edewwlppméndmay leedwics as rapid i the, LoweruMississippi

Valley. Restoration of forested swamps in mitigation projects appears very practical there over short
(decadal) time frames. Many hundreds of thousands of acres have been mitigated or restoneih oft

good success, and there is a broad understanding of the requirements for mitigation (T. Foti pers. comm.
2008). Thus performance standards will need to be adjusted to specific Ecological Systems.

These examples provide a sense of direction forBl?vg can be applied to mitigation. Case studies are

now needed to apply the method.
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Table 19.Performance Standards for Wetland Mitigation (based primarily on standards developed for
Ohio mitigation projects by Mack et al. (2004), and correspondingasdirat provide data to assess
performance.

Performance Metrics

(Mack et al. 2004) Level 2 (MatureServe) Level 3 (MatareServe)
AL Site

Dresipn

Acreape Patch Size Pasch Size

];I.HI.'I I.'I:II.'ll'E:lI.(:lﬂl.t'l I.'I-

Perimeter-area ratio

Hydrology
I [:.'\cl mlngi.c regime =k |:|-'de:-\: rice] TBD
= Warer Sowrce

=k |}'dm|.|:rgjc Connectivity

Unvepetated Open

Warer
Biota — VlEFI:lI ion
Perennial native Vegetation Composition
hydmphytes
Invasive species » Relative Cover of Native | * Relative Cover of
Plamt Species Mative Plant Species
# [nvasive Exotic Plant * Invasive Exotic Plant
Species Species
"-"l.'[_r'\:u.li.-:uL-l.'n:ulc:-;L:_':.l Vegetation Composition Floristic Qtujirj.'
standards Assessment [Mean )
Vepetation Index of
Biotic Integrity
"K"m:pd:.' Species Vegetation Struciure Vepetation Strcturne

Establishment
(Shrub Swamps,
Swamp Forests)
Other Biota:

.-".mE:-l:.ihj:Ju ]':n:ulngi..:

s1a DIJII\CI.'E

Otther taxa groups
Ecologic standards
ihuul.i.np; birds, macro-

invertebrates)
Sail
Biogrochemical * Water Chualiry TBD
standards » Sail Disturbance
Other
]':n:nlngi;_'ﬂ Services | |:'|'|}'.1i;_':J f':l:cl:l.']'ﬂx':. TBD
B. Landscape Context/ Watershed
l.:n-:l.:.::pc Connectivity ]J.nd:c.'_':.pl.' Connectivity
Buffer Index Buffer Index
f‘iu:mumliu; Land Use ﬂu.m:-u.n-:ljng Land Use
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Table 20.Conceptual schedule for required monitoring and reporting activities, with benchmark
variables. XR= the reference site or impacted site value that is chosen as the basis for assessing
performanceX1= the measure of a metric in Year 1, etc. At Year 5, the X value can be compared against
the reference value and a decision made on the progress of the mitigation project. Examples of possible
benchmark values are shown for various metrics and perfearsandards. Metrics in shaded rows were
not chosen as part of the monitoring project.

A, Site

Design
Acreage Size = Xy | Size = X, | Size = X, | Siwe = X, | Size = X, | Size = X,

aCTCS SCIes acres ACres aCres ACTCS

Basin m-:l:|:-|'||:-n:u.'|.n'

Perimeter-area ratio

H}ﬂm]ng}' Hndex | HIndex | H Index | H Index | H Index | H Index
Xp X X X X X

Hydralogic regime

I.-I:l'\.'\.'gl.'l.i'.\.'(l Open — S

Water
Biota — Vegetation Vindex |Vindex |Vindex | Vindex | Vindex |V Index
Xp X X X X X

Perennial native

I.'I.'\'I.‘IK)PIJ‘-'.{'.'E

Invasive species Invasives | Invasives | Invasives | Invasives | Invasives | [Invasives

Xpa Xon Mo Home - Xom

1I-"-\.'gn.'l.al.jn:-|:|-w.'n\'.wi::n.n:-|_5.i|:.|_

.“IJ.I'I':I.I r-::.s.

"x'-:lclcl}' Species
Establishment
(Shrub Swamps
Swamp Forests)
Other Biota:

Amphibians - Ecologic [— —

.“IJ.I'I':I.I r-::.s.

Orther taxa Eroups — —
]':n:u:-l-:lgi.: standards
:|:-r|.'|:ding hirds, macra-

jnw‘r'.cl':nu:s.:

Sail 5 Index SIndex [SIndex |5Index | SIndex |5 Index

Hj::-p.uﬂ:umi;d
standards

Orher

|':¢.1-:|'.|:-c_'_'\_j|:a] Services

B. La.m:lsc:p-e' Context! L Inddex Lindex [Llndex |LiIndex | LlIndex |L Index
Watershed Xp X, X, X X X

Landscape Connectivity
Buffer Index

Surround ing Land Use
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Figure 14.Hypothetical performance curves for tree and shrub establishment. Graph shows expected
performance at 10 and 100 years derived from reference wetlemtbddepressional wetland forests

(from Mack et al. 2004, Figure 16).
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Appendix 4. Explanation of Global and State Rank Codes.

These rank codes describe the degree of vulnerability of an element of biodiversity (species, natural
community, or naturalcomuni ty system) to extirpation, either
or within a subnational unit such as a state (subi
subspeci es or variety is i ndamplga@5sdl rankforfasdpeciesax on ( AT
indicates that the sedpecies is critically imperiled (T1) while the species is secure (G5).

Code Examples Description
1 G1 S1 Critically imperiled because of extreme rarity (e.g., one to five occurrences), vergteestri
range, very steep recent declines, or other factors making it extremely vulnerable to extirpation.

2 G2 S2 Imperiled due to very few occurrences (e.g., six to 20), restricted range, steep recent declines, or
other factors making it very vulnerabledztirpation.

3 G3 S3 Vulnerable due to relatively few occurrences (e.g., 21 to 80), relatively restricted range, recent
declines, or other factors making it vulnerable to extirpation.

4 G4 S4  Apparently secure due to having more than a few occurrences>@0Q and/or an extensive
range, but possible cause for letegm concern due to local recent declines or other factors.

G5 S5 Secure; widespread and abundant.
GU SU Status uncertairMore information needed.

H GH SH Known only from historical recosl(e.g., a species not reported as present within the last 20
years or a community or system that has not been reported within 40 years).

X GX SX Believed to be extinct. May be rediscovered, but habitat alteration or other factors indicate
rediscovery is nlikely.

CcC o

Modifiers are used as follows:
Code Examples Description

Q G5QGHQ Questions or problems may exist with the el eme
information is needed.

? G3? 3? The rankis uncertain due to insufficient informatairthe global level, so more inventories are
needed. When no rank has been proposed the glo

When ranks are somewhat uncertain or the el ementods st a
combined. For example:

G4G5 The element rank is either 4 or 5, or its rank is near the border between the two.
G5T2T3 For a plant or animal, the species is globally secure (G5), but thepsales is vulnerable or
imperiled (T2T3).
G57Q The element seems to be secure dlpli&5), but more information is needed to confirm
this (?). Further, there are questions or prob

classification (Q).

G3G4Q S1S2  The element is globally vulnerable or apparently secure (G3G4), and there are questions ab
its taxonomy or classification (Q). In the subnation, the element is imperiled or critically
imperiled (S1S2).
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Appendix 5. Explanation of State Rarity Status Categories.

The New Hampshire Native Plant Protection Act (RSA-A) Tandates that the NeMampshire Natural
Heritage Bureau develop and maintain a list of plant species that are rare in the state. Each species on the
rare plant list is assigned a category that reflects its degree of rarity. These categories are described below.

Endangered (E) Native plant taxa vulnerable to extirpation based on having five or fewer natural
occurrences in the state observed within the last 20 years, or taxa with more than five occurrences that
are, in the judgment of experts, vulnerable to extirpation dugh&y onportant rarity and endangerment

factors (population size and trends, area of occupancy, overall viability, geographic distribution, habitat
rarity and integrity, and/or degree of protection). A rare native plant taxon that has not been observed in
over 20 years is considered endangered unless there is credible evidence that all previously known
occurrences of the taxon in the state have been extirpated. For plant species, this status is equivalent to a
rank of S1.

Threatened (T). Native plant taxawnerable to becoming endangered based on havi@yréatural
occurrences in the state observed within the last 20 years, or taxa that are, in the judgment of experts,
vulnerable to becoming endangered due to other important rarity and endangermenfpfaptdasion

size and trends, area of occupancy, overall viability, geographic distribution, habitat rarity and integrity,
and/or degree of protection). For plant species, this status is equivalent to a rank of S2.

Watch (W): Native plant taxa vulnerabte becoming threatened based on having @Q natural
occurrences in the state observed within the last 20 years, or taxa that are, in the judgment of experts,
vulnerable to becoming threatened due to other important rarity and endangerment factorsqpopula
size and trends, area of occupancy, overall viability, geographic distribution, habitat rarity and integrity,
and/or degree of protection). For plant species, this status is equivalent to a rank of S3.

Indeterminate (Ind): Plant taxa under reviewiftisting as endangered, threatened, or watch, but their
rarity, nativity, taxonomy, and/or nomenclature are not clearly understood.
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